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^  this  "Third  Edition,  1  have  been  careful  to  in- 
sert  aU  thi^  rec^tnt  didCoterieA  in  Cbefoicd  Science, 
attd  by  employing  i  fuller  p$ge!>  I  ha^e  been  ena* 
bled  to  do  so,  without  adding  to  the  size  of  tb^ 
volumes.     The  plan  of  the  Work  is  still  entirely 

I3[enientary,^being  designed  to  present  such  a 
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yjew  of  Chemistry  as  shall  convey  a  just  knowledge 
0f  its  leading  principles  and  more  important  facts, 
t^^thout  including  the  discussion  of  controverted 
opinions,  or  the  statement  of  those  minute  detiuls 
which  have  with  propriety  a  place  in  a  Systematic 
Treatise. 
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GENERAL  VIEW  OI'  THE  NATURE,  OBJECTS,  AND  AF* 
PLICATIONS  OF  CHEMISTRY,  HISTORICAL  SKETCH 
OF  ITS  ORIGIN  AND  PROGRESS.  PRINCIPLES  OF 
CHEMICAL  ARRANGEMENT. 


-\ 


THE  miottteitoiicles  of  matter  are  not,  as  the  eKt^rnal 
aspect  of  bodiies  woyld  lead  119  to  conclude,  in  a  state 
of  re6t#  They  are  acted  on  by  certain  |>ower8)  which  pre- 
serve them  in  a  state  of  moticMi,  or  at  least  induce  thi^ 
state,  so  aa  to  give  rise  to  an  extensive  senes  of  chmges) 
which  form  an  established'  ptart  of.  the  e^oaomy  of  natuee. 
Similar  changes  are  indused  by  artificial  arrangements, 
which  eidier  cause  these  powers  to  ijperAte  whnre  they 
would  otherwise  be  quiescent,  or  modify  their  operation 
where  th^  are  naturaUy  exerted. 

Tte  phenomeu  aridng  from  these  acti<ms,  and  the  laws 
they  observe,  are  the  subjects  of  investigation  in  the»Sdehce 
of  Chemistry. 

VOL.  I.  '  A  . 
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2  INTRODUCriONt 

Tile  powers  by  the  operation- of  which  they  are  produ« 
ced,  are  that  species  of  attraction  which  is  exerted  exclu- 
sively between  the  minute  particles  of  matter,  and  certain 
forces  of  repulsion  by  which  this  attraction  is  counteracted 
or  modified. 

Besides  the  general  tendency  which  bodies  eveii  in  the 
largest  masses,  and  at  the  greatest  distances,  have  tp  ap* 
prooch  until  th^y  come  into  i^parent  contact,  the  oper- 
ation of  which  giv^  I'ise  to  those  seni&ible  -motions  which 
constitute  so  important'  a  part  of  the  system  of  the  uni« 
verse,  --^  there  exists  a  similar  tendency  in  the  ultimate 
particles  of  matter  to  approach  and  enter  into  intimate 
union.  When  this  attractive  force  unites  particles  of  a  si« 
rnila^:  ki|id,  it  forms  masses  possessed  of  the  same  essential 
properties,  and  distinguished  according  to  their  state  of  ag- 
gregation, by  peculiarities  of  structure,  or  ^physical  form. 
When  it  unites  those  of  a  dissimilar  nature,  it  forms  new 
substances,,  deriving  the  specific  properties  which  bekmg  to 
them  firom  their  chemical  constitution. 

Hie  principal  repulsive  force  by  which  this  attractioii  h 
toiiliDeKacted,  is  the  power  of  Heat,  or  what  in  Boodern  che- 
mistry is  named  Caloric  Its  immediate  operation  is.  to 
place  the  paitides  of  matter  at  greater  distances*  firom  each 
otb0r  $  it  thus  changes  the  forms  and  quali^s  of  bodies^ 
and  Mfbverts  the  combinatimM,  wbioh  attraotioa  has  pro** 
du<^.  Light, 'from  its  relatkm  to  beat^  ia  fiisqu^tly  pra^* 
dueiive  of  similar  ^ectsf  indeffendemt  of  peculiar  chemieri 
ageiMiie^  it  exerts.'  Aad  Electrici^  under  that  modificaticMi 
in  particular  which  constitatea  OatvBiriMn^  ksttU  more 
ptmeaittl  in  its  action,  countMBCting attnctioflaiiiiflKieh  heat 
alotKd'tanhot  ov«i«ome. 

In  all  these  cases,  the  immediate  effect  is  the  flH^oa  of 
the  particles  with  regard  to  caim  other ;  the  ultimate  re- 
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mk»  are  cbia^ies  of  condtftoflion  and  form.  Bodies  are 
combined  together^  or  are  separated  froai  states  of  ebm*- 
biBfttioii  in  wliic2t  they  exist  s  an^  Cfaemiiitry,  the  depifft-* 
men^  of  natural' knowledge  ander  vrhich  these  actions  are 
classed,  may  be  defined,  The  science  whii^  inveistigates  the 
eombtnatlons  of  matter,  and  the  agencies  of  those  general 
foffoes  whence  theaye- combinations  are  estabHilhyi  and  sub<» 
verted. 

This  character  of  chemical  action — that  it  ii  exerted  be* 

« 

tw^»  the  particles  of  bodies,  ibr^s  the  leading  distinction 
betsraea  it,  and  those  actieoii,  the  investigation  of  wfaidi 
Wlongs  to  the  other  branehes  of  natural  philosophy.  Con<^ 
nected  with  this  are  other  peculiarities  by  which  it  is  far- 

t  ther  dinned. 

I 

The  pxopcitifils  of  bodies,  Spending  in  ai  great  measure 
Oil  the  pecnhar  arrangements  <^  their  partides>  a  change 
I  i&  the  latter  must  necessarily  be  accompanied  with  a  greater 

or  less  alteration  in  the  former.  Hence  ehemicsd  actic^ 
gives  rise  to  a  dmnge  of  properties  in  the  bodies  between 
wfaieh  il  i$  exerted,  and/ is  indeed  the  great  source  from 
whidi  the  secondary  qualities  of  bodiei6  are  derived.  From 
any  other  species  jof  {^ystcal  action  this  result  is  not  ob«» 
tai&ed,  the  effect  being  merely  that  of  modif}4ng  motion 
jp  masses  of  sensible  size. 

Q^emical  aet»k>n  being  elated  between  Ae  particles  of 
matter  at  dist«iu;es  altogetliei^  imperceptible,  admits  of  no 
eaEaqt  meastii^ment,  as  to  its  diireotion  4»r  forces  The  prin- 
p^as  of  chemistry,  therdfove,  cannot  be  established  on 
npathematical  evidence,  m  die  prindptes  of  the  other  phy- 
miai  soienees  eesa^  in  which  the  objects  of  investig^on  are 
changes  ariskig  from  sensible  motion,  whidv  add^its'  of  pre* 
^be  det^rniination* 


4  JNTEODUCTION. 

It  is  from  chemical  action  that  the  greater  xiamber  of 
natural  substances  derive  their  origin.  The  number  of 
those  that  are  fiiiinple»  that  is,  of  those  which  consist  only 
of  similar  parts,  is  incoosiders^le.  By  mutual  combinations 
of  these,  an  extensive,  series  of  compounds  is  produced: 
these  compounds  are  finthier  capable  of  combining  with 
eacli  other  f  and  thns,  frdm  a  few  ultimate  dements,  pro- 
bably  still  unknown  to  us,  all  the  existing  varieties  of  mat<> 
ter  are  formed.  .     ' 

Actions  so  extensive  and  important  roust  be  connected 
with  many  of  the  established  operations  of  nature,  and  must 
admit  of  numerous  applications  to  purposes  of  utility  in  th^ 
various  arts.  Of  these  iGonnections  and  applications  of  Che* 
roistry,  a  fiill  development,  even  upder  a  general  point  4of 
view,  would  be  incompatiUe;  with  the  limits,  of  this  preli« 
minary  discourse ;  and  a  few  examples  may  convey  an  idea 
of  the  extent  of  the  science,  and  of  the.  interest  -which'  its 
study  is  calculated  to  excite. 

No  view  of  adjustment  in  the  economy  of  nature  id  more 
admirable  than  that  which  Chemistry  traces  with  regard  to 
the  temperature  of  the  globe,  the  sources  of  its  variations, 
and  the  limits  within  which  these  are  restrained-  That 
de^ee  of  heat  which'  is  necessary  to  sustalxi  the  greater 
number  of  natural  operations,  is  derived  from  the  action 
of  the  soliur  ra)!^  on  the  surface  of  the  earth ;  but  from  the 
mode  in  which  this  is  conunimicated^  it  is  necessarily  un* 
eq^al,  or  prevails  m  different  degrees  of  intensity  at  diffe- 
rent seasons,  and  iat  difimiU  regions  of  the  earth  j  and  did 
not  certain  ai^fangements  exist,  this  inequality  would  con- 
tinue p^rogressive.  These  arrangements  Chemistry  unfdids : 
it  has  discoV€|red^that  absorption  of  heat  which  attends  the 
rarefaction  of  the  atmosphere,  the  evaporation  of  water, 
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and  the  melting  of  iqe,  s^tid  4hBt  evolution  of  heat  which 
accompanies  the  reverse  dhanges^  and  bias  estaUished  the 
laws  by  which  these  are  r<^ulii^.  It  has  thus  enabled  us 
to  trace  the  ^uses  by  which  the  extremes  of  climate  and 
the  traasitions  of  seasons  are  moderated,  and  the  temper*- 
ature  over  the  surface  of  the  glcri^e  is  preserved  within  com- 
paratively a  limited  range. 

Chemistry  has  ^11  to  investigate  another  adjustment  in 
the  economy  of  nature^  the  necessity  for  whidi  the  rese^riihes 
of  this;  science  have  alone  discovered.  Tjbat  air  is  indis^ 
pensable  to  living  beings,  is  sufficiently  demonstrated  by  fa« 
miliar.  &cts ;  but  that  this  air,  jn  being  breathed  by  ai^imals, 
is  rapidly  deteriorated,  and  rendered  at  length  unfit  to  sus^ 
tain  life,  is  established  by  the  experiments  of  the  Chemist ; 
and  it  is  only  by  these  experiments  that  the  change  of  com- 
position, from  which  this  arises  is  made  known.  It  is  of 
course  only  from  the  successful  prosecution  of  these  re- 
searches that  we  can  discover  the  natural  operations  by 
which  it  is  counteracted^  a^d  the  due  purity  of  the  atmos- 
phere is  preserved. 

.  The  spontaneous  evaporation  of  ^ater,  its  elevation  in 
clouds,  and  its  ^position  in  the  form  of  dew,  rain  and 
snow,  are  dependant  on  ^emical,  action.  From  the  princi- 
pies  of  this  science,  the  laws  which  regulate  th^se  procesises, 
so  far  as  they  ai'e  known,  have  been  illustrated,  and  it  is 
only  fmni  the  extension  and  more  strict  application  of  these 
principles  that  their  theory  can  be  fully  explained, 

We  observe  the  chemical  agency  of  water  in  many  other 
natiiNl  operations;  m  its  ac^mi,  for  example,  on  the  sur- 
face of  the  earth,  the  disintegration  it  occasions,  and  the 
ultimate  formation  of  soil ;  and  still  more  in  the  processes 
of  animated  existence,  particularly  in  sustaining  the  growth 
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of  plantsy  and  ai&rding  or  conveying  to  them  theprinciplei 
whence  their  products  are  formed^ 

By  discovering  to  us,  that  the  substances  which  belong 
to  the  Mineral  Kingdom  are  compounds  of  certain  element, 
Chemistiydempnstrates.that  their  formation  must  have  been 
the  result  of  chemical  combinations ;  and  the  application  of 
its  principles  must  afford  the  explanation  of  those  arrange* 
mentsy  which  the  observations  of  the  Geologisti  skilfully  ge- 
neralized, have  demonstrated  to  prevail  in  the  structure  of 
the  solid  parts  of  the  globe.  It  will  also  ultimately  give  the 
only  sure  basis  on  which  the  species  of  minerals  are  esta* 
Uid^ed  and  arranged,  by  discovering  the  varieties  of  com* 
position  on  which  this  depends. 

We  can  trace  the  predominance  of  chemical  action,  not 
less  in  the  processes  of  animated  nature^  though  these,  from 
their  obscurity  and  compUcaUon,  are  more  difficult  of  elu- 
cidation.  In  vegetation  we. discover  a  series  of  operations, 
in  which  the  principles  conveyed  to  the  growing  plant  are 
brought  ihto  new  combinations,  so  as  to  form  its  diversified 
products  :  some  of  the  chemical  agencies  connected 'witli  it 
have  been  already  successfully  investigated ;  and  in  the  pro- 
gress of  the  science  we  may,  without  any  undue  confidence^ 
predict  its  full  development,  as  a  result  of  chemical  affinities, 
modified  by  the  circumstances  under  which  they  are  exert- 
ed. The  chemical  processes  of  the  Animal  System  are  still 
more  complicated  and  more  d^endent  on,  or  at  least  more 
intimately  connected  with,  the  peculiar  laws  of  vitality ;  yet 
even  in  these,  Chemistry  has  discovered  a  number  of  im- 
portant truths;  and  the  knowledge  which  it  affi>rds  of  the 
composition  of  the  animal  fluids  and  solids,  not  only  aids 
the  researches  of  the  Physiologist,  but  often  throws  light  on 
the  inquiries  of  the  Physician.   The  remedies  produced  by 
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chemical  coidbinfltion»  are  not  less  impoitanl  in  the^iMnictiife 
ofmediciBeb 

With  the  processes  of  Art,  Chemistry  is  not  less  6tricf)]r 
connected  than  with  the  operations  of  Natnre ;  nor  wpuld 
it  be  easyy  m  an  Introductory  Sketch,  to  do  justice  to  its 
practical  apfdtctftipns.  The  esctractioh  of  soctali  from  their 
ores,  the  purifying,  casting,  and  forging  them,  tlie  pro^ 
ducrion  of  metallic  aUoys,  and  of^nwtallio  pigments,  are  al- 
together dependant  o»!lhh  science:  the  manufectm^es  of 
l^bss,,  of  pottery  and  porcelain,  consist  merely  of  a  series^ 
chemical  combinations :  the  processes  of  Ucaching  and  df 
dydng,  or  making  statcb;  sugar,  and  viniQ^ar,  of  inrmenfiiog 
and  distilling,  of  taninng^  of  sbap  making,  and  of  preserHi^^ 
ing  anknal  substances  from  putrefaction ,.-^a}l  of  these,  in 
their  most  minii  te  details,  ar^in  the  strictestsense  of  the  term 
Chemical  operations.  It  is  from  the  skilfid^iapplication  of 
the  princif^  of  this  scienbe,  rather  than,  from  the  uncer-* 
tain  suggestions  of  chance  or  of  random  experiment,  dmt 
the  improvement  of  these  arts  is  to  be  derived.  The  re* 
searches  of  ChemUtry  Ifisve  ahready  in  this  poiiMrof  view, 
led  to  important  acquisitions*  As  it  odviticea,  its  appUcao^ 
tions  to  purposes  of  ntility  will  become  more'estenaive,  and 
more  eariJ^  regulated ;  and  as  it  is  unbounded  in  Ae  ob|ects 
of  its  investigations,  we  can  ass^  no  limits  to  the  extent 
of  these  rations,  nor  foresee  howftr  it  may  yfet  add  to  the 
powc^ofman.  ^        ! 


.  1 
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This  importanf;  department  of  Physical  Sdence  is  alto^ 
gether  of  modem  origin.  It  had  no  piace  in  the  system  of 
Ancient  Philosophy :  and  though  arts  were  practised  fron 
remote  antiquity,  the  processes  of  whidi  are  dependent  on 
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cbemmMbtioiMi  liie  rektieiis  of  these  were  hever-discover" 
ed,  thar  principles  remained  unknown,  and  no  body  of  che^ 
mica]  knowkdge  equated  to  ^ which  a  distinctiTe  appeUation 
cottid  have  been  assigned. 

ks  origin  is  to  be  traced  to  a  singular  pursuit  which 
coramenced  towards  the  decline  of  IHerature^  and  whidi  cob- 
tinued  for  many  ages  to  be  tolkmed  with  unabated  ardour, 
<**tbat  of  the  art  of  trananiutation,  or-of  con  verting  the  baser, 
metals  into  silver  or  gold  In  the  proseisition  of^thesa  de^ 
lusive  researches,  observations  were  necessarily  madq  oql 
the  changes  produced  by  the  mutual  chemieal  acticais  of 
.  bodies^  and  these  gradually  accumulated  formed  the  base«a 
Mrfaich  the  science  of  Chemistry  has  been  reared* 

The  date  of  the  rise  of  Alchemy,  as  this  pretended  ^rt  (if 
transmutation  was  named,  is  not  exaol^y  known.  It  has  been 
traced  to  the  fifth,  the  fourth^  or  eten.to  the  diird  century  ^ 
but  there  is  every  reason^  to  doubt  ^  the  antfa^nticily  of  the 
authorities  on  whidi  it  has  been  referred  io  these  ^esrly  pe- 
riods.   Towards  the  close  of  the  fifth  century,  .some  pro- 
gress appears,  however,  to  have  been  made  in  ^^hemic^aly  or 
rather  aldiemical 'investigations.     Apiong  the  ^Hrabifu^s, 
who  had  received  the  science  and  litaratufe  of  the-  Greek 
Empire,  the  study  of  alchemy  was  eagerly  prosecuted;,  and 
transferred  to  Europe,  it  contiuued  amid  the  diu^knesj^  of 
die  middle  ages,  and  eyen  to  a  later  period,  to  d^ude.and 
mislead  those  who  endeavoured  to  penetrate. the. ;ii[)ysteriea 
of  nature.  The  ultimate  failure  of  these  laborious  researches 
led  to  the  suspicion  of  the  soundness  of  .the  views  from 
which  they  originated ;  and  the  real,  though  >low  progress 
of  fflcperimental  inquiry,  enliglitened  hy,ihe  mqre  .philoso- 
phical spirit  of  invesUgation  .which  distinguished  the  six- 
t^nth  century^  banished  at  length,  th?  foUi^  aiid  deceptions 
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of  akhemyr  ud  laid  thafixitidatien  of  chemiciil  knowfedgou 
The  labours  of  the  alchemists  had  not  however  been  alto- 
gether finiitless ;  a  muiiber  of  important  fitcts  had  i^een  es- 
tablished ;  some  of  the  most  powerfiil  chemical  agents  had 
been  disoovei^  s  ^  instrument^  of  the  principal  opera- 
tkmB  of  Chemistf!^  were  inventedf  and  the  methods  of  con^ 
ductis^  its  procesiseiB  were  imprdved«  , 

.  It  is  not  the  olEgect  of  this  sketch  to  follow  with  any  :mi- 
BUteness  the  progress  of  Qiemistry  through  iU  successive 
stages.  It  is  sufficient  tp  give  it  a  more  rapid  glance.  Kuo* 
ckel|.  Hombergi  Lemery,  and  Geoffroy,  were  its  first  eml- 
n«Dt  cultivators  fre^  bofa  alchemical  bias*  Van.  Helmont 
bad  csdled  the  attention  of  Chemists  to  the  aerial  fluids  so 
fnequaitly  disengaged  in  their  experiments^  and  had  even 
pointed  out  some  of  their  properties  and  distinctions, — ^a 
subject  prosecuted  by  Boyle,  especially  in  so  &r  as  related 
tp  the  action  of  atmospheric  air,  and  by  Mayow,  with  still 
more  extensive  and  accurate  views.  ^  Bacon  fixed  the  limits 
of  Chemistry^  and  assigned  k  its  due  rank  in  the  scale  of 
natural  knowfodge.  Newton  generalized  its  principal  fhe- 
nomena,  by  referring  more  diitinotly  the  ccnnbinations  and 
decompositions)  whidi  are  the  chief  objects  of  its  in vestig»> 
tum^  to  the  operation  of  that  species  of  attraction  exerted  * 
at  insensiUe  distanqes  between  the  particles  of  matter.  Boer- 
baave,  besides  investigating  soine  particular  sul^ects,  more 
especi^dly  the  effects  of  beat,  presented  the  details  of  the 
science  in  a  systematic  form ;  and  Mai^aaf,  Rouellci  Mac- 
quer,  and  Bergman,  enlarged  its  limits  by  the  discovery  of 
numerous  facts,  and  by  the  elucidation  of  some  of  its  prin- 
oiples.  Beccher  had  sought  to  anticipate  what  is  the  final 
object  of  chemical  inyestigatiox^s^  and  what  will  only  be  at- 
tiined  when  these, have  reached  perfection,, — ^the  determi* 
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natkm  of  the  elements  ff om  the  comlMiiatioti  of  wkich  all 
the  existing  varieties  of  mattelr  are  formed :  and  Stabl,  ad» 
optmg  in  part  his  vieurs,  but  limiting  his  speculations  to 
the  operation  of  one  principle,  that  to  which  the  property 
of  communicating  inflanHnabtlity  was  ascribed)  framed  an 
hypothesis  $o  extensive  in  its  chemical  relations,  as  to  have 
been  regarded  as  a  general  systefti  of  the  soiree,  and  so 
well  constructed  as  to  have  commanded  unlimited  assent* 
The  process  of  Combustion  is  of  primary  importance  in 
CSiemistry,  not  only  from  the  striking  phenomena  it  dk« 
plays,  but  from  its  affording  in  some'  measure  a  division  of 
bodies  founded  on  chemical  relations,  and  from  giving 
origin  to  some  of  the  most  important  chemical  agents. 
Changes  analogous  to  those  which  occur  in  this  process, 
are  likewise  produced  by  the  operation  of  these  agents; 
and  thus,  whatever  theory  is  framed  of  combustion  itself, 
IS  farther  extended,  and  is  indeed  capd[))e  of  being  more 
or  less  remotely  connected*  with  nearly  the  greater  ninmbev 
of  chemical  phenomena.    Stahl,  to  explain  the  phenomena 
of  this  important  chemical  operi^ien,  assumed  the  existence 
of  a  cohimon  principle,  Phlogiston,  as  he  named  it,  in  in« 
flammable  bodies :  its  evolution,  under  the  Ibrm  of  heat 
and  light,  constituted,  he  imagined,  the  process  of  burning : 
its  disengagement,  he  considered  as  the  cause  of  the  diange 
of  properties,  and  particularly  the  loss  of  inflammability^ 
which  the  body  suffering  combustion  a}wft}rs  sustains :  its 
communication  again  to  the  burnt  body  restores  therefore 
its  original  qualities ;   and  its  transfer,  in  other  cases  of 
chemical  action,  gives  rise  to  analogous  effects. 

This  hypothesis  connected  a  number  of  phenomena  by 
a  commoiii  principle,  and  apparently  afforded  a  just  expla- 
nation of  them ;  it  was  therefore  generally  received.   Rest* 
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ingi  however,  on  an  hnjiieriect  knowledge  of  tihe  facts  which 
it  generalized,  tbeprogress  of  the  science  discovered  its  im- 
perfections, and  established  very  dilBTerent  views. 

Substances  existing  in  the  aerial  form  are,  from  theit 
subtilty,  apparently  not  easily  subjected  to  the  usual  nie» 
thods  of  chemical  investigation ;  and  hence,  although  some 
of  the. facts  connected  with  their  formation  and  disaigage^ 
ment  had  attracted  the  attention  of  chemists,  their  chemi*- 
cal  actions  had  never  been  clearly  investigated,  their  dis^ 
tinctions  established,  nor  the  impdrtance  of  their  agency 
understood.  Dr  Black,  by  his  discovery  of  the  properties 
and  combinations  of  one  of  these  aerial  substances,  Fixed 
Air,  or  Carbonic  Acid' Gas,  demonstrated  the  importance 
of  these  researches;  and  after  the  publication  of  liisexperi'- 
roents,  the  department  of  Pneumatic  Oiemistry  was  soon 
eagerly  cultivated.  By  the  discoveries  of  Cavendish,  Priest* 
ley,  Scheele  and  Berthollet,  the  existence  of  other  aerial 
fluids,  their  properties,  and  chemical  relations,  were  es* 
tablished :  and  Lavoisier,  entering  the  same  path  of  expe- 
riment, and  availing  himself  of  these  discoveries,  advanced 
speculations  distinguished  by  their  novelty  and  ingenuity, 
and  which  soon  assumed  the  place  of  the  hypothesis'  of 
Stahl.  The  existen|ce  of  a  peculiar  aerial  substance, 
Oxygen,  as  an  element  of  atmospheric  air,  and  the  impor- 
tance of  this  element  in  its. chemical  agencies,  and  parti- 
cularly in  sustaining  the  process  of  burning,  had  been  es« 
tablished  by  the  researches  of  Priestley  and  Scheele.  These 
Lavoisier  extended,  and  drew  from  them  conclusions  sub* 
versive  of  the  established  doctrine.  The  ph^iomefia  of 
combusti<»,  and  of  all  its  analogous  processes,  which  Stahl 
had  ascribed  tp  the  evolution  of  phlogiston,  he  referred  to 
the  combination  of  oxygen.  He  traced  the  cheihical  agen- 
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cies  of  this  principle^  and  framed  a  system  seducing  by  its 
{simplicity,  resting  apparently  6n  a  just  induction,  su]:^ort- 
ed  by  experimaits  distinguished  by  precision,  and  which, 
after  a  short  period  of  animated  discussion,  was  universal- 
ly received. 

Since  this  period,  Chemistry  has  continued  to  make  a 
rapid  progress.  Tlie  theofy  of  attraction  has  beeii  more 
minutely  and  more  successfully  investigated ;  the  knowledge 
of  galvanism  has  led  to  the  a^uisition  of  a  new' and  power- 
fill  instrument  of  chemical  analysis,  and  every  department 
of  the  science  has  been  enriched  by  numerous  insulated 
discoveries.  Nor  can  any  Umits  be  placed  to  the  extent  of 
its  investigations.  Its  analysis  is  indefinite :  its  termination 
will  have  been  attained  only  when  the  real  elements  of  bo- 
dies  shall  have  been  detected,,  and  all  their  modifications 
traced  :  but  how  remote  this  may  be  from  its  present  state, 
we  cannot  judge  \  nor  can  we,  from  our  present  knowledge, 
form  any  just  conception  of  the  stages  of  discovery  through 
which  it  has  to  pass. 


The  last  object  in  this  introductory  sketch  is  to  state 
the  principles  on  which  the  arrangements  of  Chemistry  are 
formed. 

The  investigations  of  this  science  are  directed  to  the  ac- 
tions which  are  exerted  among  the  particles  of  matter,  in 
consequence' of  which  they  pass  into  new  arrangements  and 
new  states  of  combination,  producing  changes  of  constitu* 
lion  and' properties.  These  actions  arise  from  the  c^ra** 
tion  of  certain  general  forces  on  tlie  particles  of  bodies, 
and  different  bodies  are  affected  by  these  in  modes  pecu- 
liar to  each.    Hence  .the  sdence  obviously  divides  itself 
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into  ;two  great  dqpfirtmenU^-- the  first  compming  the  in* 
vestigati(^  of  the  generai  effects  and.  laws  of  these  farces ; 
and  the  second  considering  their  c^ration  on  individual 
substaaaces.  Under  the  former,  are  to  be  consklered  the 
doctrines  of.Attraction>  and  of  its  antagonist  force  Repiil* 
sion  as  produced  by  the  operation  of  heat,  Jightt  and  eiec*' 
tricity ;  to  the  latter  belongs  the  history  of  the  i^hemieal 
properties,  and  combinations  of  all  known  bodies. 

The  first  of  these  divisions  admits  of  little  diversity  of 
arrangement,  nor  i&  it  of  much  importance  in  what  order 
the  subordinate  parts,  bdlonging  to  it  are  placed.  The  se* 
ooiidi&  more  extensive  and  complicated;  it  presents  there- 
fore greater  difficulties,  and  hence  the  numerous  systems  of 
cfacmipal  cliMfiifiration  that  have  bten  proposed^, 

Tw^  g»nei4tl  methods  are  suggeisted  by  the  nature!  of 
dbemicfid  investigations.  Their  leading  object  is  to  discover 
the  composition  of  bodies,  or,  l^  analytic  iterations,  to 
resolve  them  into  the  principles  of  which  th^yare  compos- 
ed;.  The  rssdlt  of  such  researches  is,  that*  njany  bodies 
areideconiposed,  but  others  resist  decomposition,  of,  even 
where.it  has  been  effected,  substances  are  at  length  neces- 
sarily arrived  at,  beyond  which  the  analysis  cannot  be  car- 
ried. In  the  theory  of  Modem  Chemistry,  all  such  sub- 
dances  are  regarded  as  simple^  they  are  characterized  by 
their  most  striking  properties,  and  their  combinaUons  be- 
come subjects  of  farther  invastigation. 

Now  it  is  obvious,  that  in  forming  a  system  of  chemical 
dassdfication,  we  may,  adhering  to  the  i^nthetic  mode,  as- 
sume these  sim{^  substances  bj6  the  basis  of  the  arrange- 
mentf  arrange  them' according  to  their  chemicalchariEtcters 
and  relations,  and  place  their  compounds  in  a  determinate 
order,  according  to  their  composition^    Or  we  may  adopt 
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OF  tHE  GENERAL  FORCES  rRODUCtrVE  OF  CHEML 

CAL  tltENOMfil^A. 


THE  powers  which  operate  in  produciag  chemical  ac- 
tion, are  that  peculiar  4^ecies  of  attraction  which  is  ex- 
erted  at  insensible  distiances  between  the  particles  of  matter, 
causing  them  to  pass  into  new  arrangements  and  n€w  com- 
binations, and  certain  forces  of  repulsion,  bjr  which  this  at- 
traction is  counteracted,  and  these  arrangements  and  com- 
binations  ate  modifi^  or  subverted.  In  proceeding  to  the 
consideration  of  these  general  forces,  the  most  natural  me- 
thod appears  to  be  to  place  first  the  doctrines  of  attraction, 
and  after  these  to  consider  the  operation  of  its  antagonist 
powers. 

There  is  some  difficulty,  it  must  be  admitted,  in  thus  con- 
sidering  the  general  doctrines  c^  Chemistry  before  its  par- 
ticular details ;  for  as  these  doctrines  are  inferred  by  ge- 
neralization from  individual  facts,  the  former  cannot  be 
thoroughly  understood,  or  their  evidence  fully  stated,  while 
the  latter  are  unknown.  Hence  some  Chemists  have  pro- 
posed  to  reverse  this  order.  But  the  difficulty  is  in  reality 
one  unavoidable  in  either  mode  of  arrangement ;  for  it  is 
equally  impossible  to  give  the  chemical  history  of  a  single 


OF  CBBMICAL  PHENOMENA. 


83 


. 


substadce,  without  sap{>o8ing  a  previous  knowledge  of  the 
general  phenomena  and  laws  of  chemical  combination  and 
chemical  repulsion.  Its  history  indeed  as  a  chemical  agent 
is  confined  to  the  attractive  forces  it  exerts  to  other  bodies^ 
or  to  the  changes  it  suffers  eitJier  fisom  such  attractions  eXc 
erted  towards  it,  or  from  the  operation  upon  it  of  those 
repulsive  forces  by  which  these  attractions  are  modifieii. 
The  laws  of  these  general  powers  must  therefore  be  pre- 
viously known.  In  balancing  the  advantages  and  difficul- 
ties of  these  methods^  the  firsts  it  appears  to^me,  is  entitled 
to  the  preference.  It  U  possible  to  illustrate  the  general 
IftWB  of  •  chemical  actipn  by  eicamples  fr^m  stibstancea  fa^^ 
miliarly  kno^Hi  or  whichi  though  uhkaorwa^  are  equally, 
adapted  to  cbnvey  illustrations  of  abstract  frutfas }  and  these 
laws  being  established,  they  may  be'  detdbped  and  explain- 
ed more  minutely  from  the  mutual  actions  of  individual  sub* 
stances^  while  the  history  of  these  substances  is  given  with 
more  advantage,  and  can  be  rendered  more  complete,  when 
the  general  doctrines  liave  been  previously  delivered.  .There 
can  scarcdiybe  a  heavier  task,  or  one  more  calculated  to 
damp  the  ardour,  of  study,  than  to  have  to  acquire  the  in*. 
sttlated  fadts  6{  a  science,  unassisted  by  any  knowledge  of 
the  princij^es  which  unfold  their  relatiras. 
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.  '  OF  ATTEAC^IOK. 

'\        L  :  ,  .  -  •  •.-,.••  •   •  «  •   •  "   .     f.  ■    . . 

AttRAcAoN  is  a  tem  ataployed  jn  pbiloeppbictd  laa^ 
gna|^  tp  dtaote.thftt  power  or  for<^  by  which  the  masses 
or'partkles  iif -matt^  b4ve  a  lendenqr.  to  approoi;}i  to  each 
otheFf  and  tqfiiiter  into  jaor^  or  less  intiipale  contactor 
union.  .  D|ffetoit  specie,  of  attraction  have  been  obser- 
Ted)  which  give  risie^  to  different  phenomenal  and.  operatey 
so  far  as  can  be  traeed»  according  tx>  different  laws. 

The  Attraction  of  Ordvitation  is. exerted  at  sexisible>  atid 
oftqh  at  itnmense  distances^  and  betweeil  masses  of  the 
greatest  siie :  its  force/  according  to  die  law  demonstrated 
by)  Newton^  being  directly  as  the  ipasf  of  quantity  of  mat- 
ter^  and  inrarsely  as  the  square  of  the  distance*  piie 
Mag^tic  and  Electric.  Attractions,  though  they  give  rise 
to  peculiar  classes  of  pbenomenSj  so  &r  coincide  with  th^ 
attraction  of  gravity,  as  to  operate  at  sensible  distances, 
and  on  masses  of  matter,  and  even,  as  has  been  attempted 
to  be  demonstrated,  according  to  the  same  law. 

Besides  these,  a  species  of  attraction  is  exerted  between 
the  particles  of  liiatter,  and  at  distances  generally  insensi- 
ble. This  force,  when  exerted  between  particles  of  a  simi- 
lar nature,  is  named  the  Attraction  of  Aggregation  or  Co- 
hesion :  when  exerted  between  particles  of  different  kindsy 
it  is  denoitiinated  Chemical  Attraction,  or  Chemical  Affi- 
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niQr.  Both  are  concerned  in  the  production  of  chemical 
pfaenomeDa^  and  the  latteil  is .  the  force  on  which  all  the 
combinations  of  matter  depend. 

Both  have  been  supposed  to  be  ultimately  the  same  power; 
the  differences  in  the  results  of  t^eir  operation  being  re&r« 
red  with  probability  to  the  diflference  of  the  particles  on 
which  tliey  operate ;  aggregation  otoiting  particles  of  H  si- 
milar nature,  and  therefore  producing,  in  each  cascy  an 
fliggregaie  puiBiMs^  c(  similar  pr<^pert£^';  while  diemieal 
atlractidn,  oombining  palrticks  of  diflferent  kinds,  must  giv« 
rise  to  plr^uets  in' which  some  liiodificati6ns  of  properties 
will  b^  ^  result.'  It  has  even  been  <^tended»  that  bbta 
arero^  modifications  of  fh»t  more  gener^  force  il^bich  h' 
eJKerted  ttC  ^enrible  distaltces  between  the  mkdses  of  ttiiktler  $ 
aUd  the  apparent  difiereripcs  ih  the  laws  which  tegukte 
their  Action  from  those  which '^vitatton  obs^rve^,  have 
been  ascri^bed  td  circumstanced^  which,  in  the  one  case,  ope* 
Hate  powetfoUy,  but  in  the  other  can  have  little  efiect.  The 
figdres  of  the  pstrtides  of  matt^  have  been  supposed  more 
particularly  to  ha^fe  kti  influence  of  t^is  kind  on  contigudUJI 
attmction,  while  the  figures  of  inasses  tff  matter  operated ' 
on  at  great  distances  can  give  tise  to  no  appreciable  result. 
This  question  is  one  which .  daft  scarcely  be  determtned^ 
fihice  we  are  unable  to  estimate  tfab  force  of  those  hiodify* 
ing  cir(ium8tances^  which  may  exist  \  and  the  laWB  by  wbidi 
these  attractions  act,  instead  of  bethg  dedhic^  from  any 
aii5umf>tion  of  the  law  of  gravitation,  must  in  the  present 
state  of  the  science  be  inferred  from  otnervation  and  expe«» 
riment. 
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or  THJE;  ATTIUCTION  of  aggregation.  9^  COHESIOKiKr 

Ji€k^Rj|f:|^ATioK  18  ,tbiit,  speem  of  atoflfelkiii  ^hich  junkefi. 
paifipii^  pf  a.wipilar  kind.,;,  \ye  perceiy«*^:.9<4ip9,^eiii<^- 
p]ified  m  a  solid  mass  of  matter^  the  pfSMrts  (^  which  co^er^t 
with  a  certain  ibrcei  which  i;eslst^  any.  tQ^chanicai  actioi^  tbiiti 
would  produce  their  separation/ and  whichy  in  ^BSsrept^bor*; 
dies»  i&  eserted  with  Tery  di£&rent^  deg^ef.o^  strength*  Jb&j 
liqaidft  i|  appears  to  be  weaker^  or  the  pacts^are  diyoiii^.; 
^ith.much  more  facility :  and  in.  substances  e?(i^ing;  jn  the 
aerial  form  it  is  entirely  .overcome,  the  pafli<^le%  .instead; 
of  attraetijQig,  i*epelling  each  other.  Bodies  exist  tli^eforer 
in  the  solidj  the  liquid,  iind  the  aeriform  state,  according, 
to  the  force  with  whi^  ;the  attrac^pn  of  aggregation  is 
exerted  between  their  particles,  and  it.  is  tl^i»  attrEw;tio^^ 
which  unites  these  particles; fogether.  .  j.^ 

Aggregation  in  bodies  is  weakened  or  overcome  by  tw» 
causes ;  by  the  rqpulsion  communicated  by  heat,  or  by  the, ' 
attraction  which  may  be  exerted  by  the  particles  of  one 
body  to  those  of  another*  ;^ 

Heat  communicated  to  a  solid  body  separates  its  parti- 
cles to  greater  distances,  as  is  evident  from  tlie  enlarge-*, 
ment  of  volume  which  it  produces.  By  thus  increasing 
tlie  distances,  the  force  with  which  the  attraction  of  aggre- 
gation is  exerted  is  weakened,  and  the  Repulsive  agency 
of  heat  prevails :  if*  the  heat  be  carried  to  a  sufficient  ex- 


ttet,  d»e  ^fli^hsgttitm  »;  SQ  i^  Iv^^^  ithat  the  body 
pftsse&into  the liquM  larni  ft^ntlCbM^i^^^  fiMfljieirt  the- 
flttmeli^  fi)9ce  is.' enltirelyt  ovecoMp&^.repukiQn  is  e^abUsk-. 
ed  betwaeal:  tbe  partioles^  aodtke  bddy  passes  into  the  a^ri-f 

The  fiame  effects  are  produced  by  the  exertion  of  thftl;  t 
stamatiba:  vAmh  amius  the  {mrtloles  of  one  body  wUhtibose 
iJltvMiherjifmUquidifisr.^^  on  a,9(>)id» 

it^bi^  tutppens^it  the  attctiotbEi  e!i:eH;ed4)y  the  liquid, 
tot tha>sbiid  ty  vufficientfy. poiirerftti  ta  isubvert  tbe  coheaion 
af^tbtflatt^  j  lib  pfatticles;  are  dssm^ted  to  combine  with  i 
those  of  the  liquid^  and  flie^ioltd  entke)y<diBappeai^.   This  > 
ftflrtkW  Ae^'cbemicd  process  of  Scdfitieiw    A.  stmQar  effect 
i^'AMU^tiihet  proAieed  by  the  cbemicai  adcioii  of  an  a&i- 
fittib  fluid ;  'and' id  some  cases  the  mutual  attractioii,  evfen 
of  two  solids^  te  such  as  to  diminish  the  poilirer  of  cohesion 
ieho  iSir  us  to  admit  of  their  union,  and  the  transiiion  of  the 
'  <iMip€«iid  they  form  4o  a  liquid  stafte.  .  /.  .  ; 

^^ilfb^  dvsse  powers^  whedier  of  heat  or  of  cheirtical  at-^  ? 
tVftdioii,  M^^witUdravn^  cobemoo  resumes  its  force ;  but 
whhi  rcfitths  let^hieii  a^e  d^rent»  accdrdmg  to  tb^  circunl-* 
^Umces  under- «A«ch  this  happens. 

^•Wfaen  the  attraction  of  aggregation  is  suddenly  exert-*, 
ed,  and  wHk  cpnisiderabie  force,  the  partides  are  united  in , 
g^ral  indiscriniioately)  and  according  to  no  re^lar  Ia,w« 
If  a  body  which  has  been  malted  is  suddenly  cooled  tb  a 
^ffid^t  extent,  it  becomes  solid, -and.  fbrms  a  mass  of  no . 
regahr  structure' ior  figure    Or  if  its  cohesion  had  hem 
suspended  by  the  chemical  attl?actioa  exerted  fay  aQodiar ' 
b|>&y  towards  it^  said  if  this  attraodon  suddenly  cease  to 
operate,  the tofto&joS cobe9k>n isresonled,  and  tbesolid sub* 
glance  appears  umiaUy/iQ  the  form  of  a  powder.    This  lat- 
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ter  casd  fdnt»  the  (ftenioal  operation  of  fitecipilatMni.  tA 
sifnllar  fesdk  m  obtiiiiied,'  «9MBr  in  consequence  of  chemi- 
csi  combination,  9t  aobstaiicg,  is  rapidly  ibrmedi  betweea 
the  parttcki  of  wfaioivlhe  attredtioa  of  aggi^effalion  isex*. 
erted  with  considerable  fi>rce»  at  the  moment  of  its  &roi»» 
tion.  f 

Biit  if  the  attraction  of  aggregaitiaii  is  flooerted  mora 
slowly,  the  partides  are  umted  not  indiscritiinAtel]!^  but 
mmaHy  with  regalaii^v^  as;  to  fiamjoaaaes  of  ngnlar: 
stmctare  and  figBre,  botinded  by  plane.sifribcesiind  deter* 
minate  ang^  This  fatms  the^operalso*  of cig^stell&EatlfDi^ 
said  such  masses  are  denoniinated  .Ci^ystajs^ 

:  Crystalliaati^  may  take  ^lace  eithdr  fkwl  a  atat^  of 
flfddity  produced  by  heat,  or  from  a^sifitilar  «Uit0  prodo* 
ced  by  the  exartldif  of;  s  diemieal  allraetioil*  Of  tfai^  foist 
we  have  examfdes  in  lee,  which  ahoots  Jn  Jong  gander  oryth^ 
tids  irhan  water  is  coded  to  a  safficieDt  extent^  .laid  alifo 
in  a  number  of  the  m^tdk  which  hme  bcien  fiic^led*  and. 
then  subjected  tp  dowlcooUafp*  Of  the  seeood  v^^.bave 
e9iamples  m  maiiy  aaUiiajsiifaBtahces^  .#hicb,  when  thej! 
batre  been  disaohred  in  water,  concrete  te.deystalsr  wb^ 
part  of  that  water  has  been  withdra#n.lqr.iejrapOratiiHi>  Qft 
when  its  solvent  power,  is  dhniniilhed  by  a  reduction  of  its 
tempefatore.  li  any  of  these  cases,  ifftiie  operatiop  is 
coiidtioied  slowly^  so  as. to  admit  ctfibe  particles  unitiBg 
bydlose  sides  mosi  disposed  to  anion,  crjfstlils^e  formedi 
and  these  are  in  general,  larger,  more  jlransparent^  and. 
miMTe  regidar  in  tbehr  form,  the  slower  the  crystallization 
has  been  allowed  to  preieeed* 

The  production  of  these'  regular  fenns  is  ^voured  by 
aflbrding  a  niidfeus,  from  which  the  ciTSiaHSs^tion  may 
cdnioBiee ;  and  stiM  uittre  80>  if  ihia  nndeus  is  of  the  same 
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matter  as-  the  sutnUace  ta  i)e.  cfy^taUissedf  aiid  is  of  a  re* 
gnkr  figun^  ihearjrstftii  0r»  tb^Ht  toQi  jarg^  ox^^  of  a  m^ 
Tegular  ^ize.'  '. 

"  TUeaccetf  pf>the  alrha^'an  iQflii^noe (Hi  th^ prystalli^a- 
tiota  of  some  salts ;  a  saturated  solittjpai  |b.r  ^x^^pte^  of  thp 
'uk  n^mtd  Giatdabr's  sak^  vhinh  has  been  Iih^Iqs^  ^tiile 
hot  in  li  vessolji  froni  vUck  the  iaiv  faaa  bc^  if^  f^jg^^^ 
iri^asiife  expi^d,!  net  ciyitfl&iziilg.wbfn  ^14t  but ,^1^1;- 
tog  into  a  eon^iaS'Df  ciystalsi' the  ipom^t  tli^  air^s  a4- 
flfthfed*  Tbs'«i|kil;'seeint  todcpendoo  the  tuijde^  per- 
eussioii  fr(ym  'th«  admiiskm  of  tfi«  air  on  ibe  siirffi^  i^f  th^ 
HquoT)  causing' tbe  api)Voiujnatioii:of>th9  par^ck^  of  ti^ 
dksdt¥&i  -solidi  iiiieiio^  the  ttortion  <^f  ,the  atti^ac^^n  g£ 
«dbesioti  is  &vo«tt%d  $  (and  b«Bce  any  e(]piiyiden(.  pre^su^ 
allied  iti  a  sim&r  manner. has  the  saoie.e&^t^    ;, . 

In'  ibis  sttddM' erjfstaBiaatioB  is  ^miy  Widl  diH^ayed  f 
p^etiomenon^  wfaidi  always  attends  thi^fffoeessy  the  evo- 
hitionof  heat,  ^e  vessel  in  whtdi  it  takes  place  b^poming 
senidlSy  wann. 

An  enlargement ^^olnJeisi^ftian^predilced  by.ciy#^ 
ftsalioki,  as  fn  the  «ca«iple  of  joe»  of  seyeml  metfdni  apd  of 
a  nmub^  of  ftidts(  while,  in  olh^  cases,  die  rfv<erj^  ii  tb^ 
case,  the  volume  of  the  crystallized  substance  b^g  les^ 
tha!6  whileitesfiii^  in  the  hqnidetate^  diffinr^Mesevidfnt* 
ly  depending  «nt  die  mode  Jn  which  the  parlides  imite.  .  * 
* '^Orys^^ Tofmied  A^omiiAiratety  s(duliflfi^meraPy>r^|^ 
sI'poMicmofWfit^'iii  a-boinhilied  ^tnte^..  Thia  js  p^fd 
tfacSr  wtetei^  oF  c»9«talliaaititd,'andiQf^^ 
their  weight :  when  deprived  of fi^  thd^iJb^  A^i^f^mag^ 
rentf^kiik  d^nsirjr.'  lSbtnepait%ith^  Jl^'ironrine«e(ta|)4^^ 
to  ibe  aii:^;'a^  siiiffin^  these  changes:  tl)qptisce,i(h4m.49^|Q 
effl&^esee:  ff  ^ey  attract  wat^'aiad  become  hnmidillhey 
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are  safd  to  ddiquesee  t  buc  diese  prepitiet  of  «flbrcscenee 
and  deKquescence  ai^  Relative,  and  depend  jnueb  on  the 
state  of  the  atiiioq>here  with  regard  ta  humidit j«  m  that  a 
sah  shall  be  deliqueseem  in  a  braid  8tsKHphere»  which  is 
not  so  in  one  that  is  dfy. 

By  the  process  of  crjntaBixation^  snbHaifoes.  wmj  otHm 
be  obtained  separate  which  exist  in  the  same  sdiitioii.     If 
one  is  less  soluble  than  the  other,  it  will  afttr  a  certain  nr 
tent  of  evaporation  crystallize,  while  the  Gther  refiiaiiis  dia* 
solved,  and  may  be  obtained  by  a  suhnqpenc  ep^apo«atio»: 
Or,  if  one  is  more  soluble  in  hot  than,  in  cold  w^^r^  while 
the  other  isnearly  equaUy  soluble  in  either  state,  the  one 
win  be  obtained  by  cryataUizatioe  wben  ,the  liqimr  hair 
cooled,  while  the  other,  when  the  necessary  degree  of  ^iw 
poration  has  taken  place,  Biay  separate  While  the  solpitioti 
is  hot/   IthemviU^  attraction  of  si|bqtaiK»s  dissolvei}  to- 
gether, sometimes,  however,  coumeractathQir-cryiitalliagsr 
tion,  or  <»ra8es  each  to  crystallize  with  soyie.  int^oiixture 
of  the  other ;  and  this,  too,  frequently  alters;()i^  crystalline 
ibrms  wbibh  either  }b  disposed  to  assume*     •  . 

Crystalli^on  sometimes  lak^s  plaQe-  in  the  tr^sitioft 
from  the  iiefial  £)i?m,  as  isrweU exemplified  in  the  arrange* 
ment  of  a  flake  of  snow. 

Evefiy  substance  in  crysiaUizii^.  is  di8po9ed  tQ:a9surae  a 
certain  i^tilatf'i^ure ;  sea  salt,  for  exatnple,  assumes  the 
,  form  of  a  cobe^  nitre,  that  of  a  pri«n.  The  figure,  how- 
eVen  ts  ^<^  Invariably  but  ia  liable  tp;  be  .modified  by  cir* 
ctiln^nFoea,  ssid  the  same  siihstance  i^^Jt^r^re  fi>.und  un- 
derdifiet^nticryaialiide  fnritns:. ,  .      !.  j,. 

'1%^  thei^ry  of  crydfalUi»tbn  b.AUU.obs(Qpi^^  It  may  be 
c6]i<il»iv6d  that  the  particles  of  bodies  ^T«..4lf  cif^n  r^j^y. 
fimires«  imd  that  in  uniting  Ihey  may  he.  disposed  to  ap- 
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rTptifsidk  by  ceitaiti'iides  in  prefep^oe  ito  otherg,  probably 
-bytho$ewhicba<iUti>rtHeim>9C:eiu«li8ive^?eM^  Henqe 
-a  regnfctr  slruomre  and  figure,  imifbroi  with  regain  to  eiidi 
'Sobstaiice»  will  be^produoed*     • '»    «  t*    •  [  -    -,-  •' 

llvel  meebaiiical  «truttiiire  of  vrjraCtk'  has  beeki  in^Mi- 
gated'mlb  mneb  ^la^MNiF  by  Haiiy^n  He  bas  sbevr^  tbftt% 
ffvery  ci^taHized»<si:AiBtimce^  wbatidver.'oay  be  its  piotoal 
ibrkn,  tbere-h  a  nbeldoiof  adetes^ibinateiiigare^  ^d  wbsi^ 
by  mediaiiical  ianatpsis^  that  is,'  by  spdittiBg  the  adtua)  <cryi- 
iai  scoordiiig  !lb^  its '  hatural^  joinings,  may  be  extraetdd. 
Tlqs'nticleDS  or 'primitive  form,  he  has  also  sheWn^Js- con- 
stant with  regard  to  each  substance,  however  various /the 
actual  forms  of  its  crystals  may  be ;  it  may  be  farther  sub- 
divided, in  certain  directions,  into  more  minute  particles, 
and  there  is  no  limit  to  this  possible  subdivision  but  the 
composition  of  the  substance*  These  form  what  Haiiy  de- 
nominates integrant  particles*,  their  forms  are  regular  and 
invariable;  thrir  union  constitutes  the  nucleus,  or  primitive 
form  of  the  crystal,  and  by  their  super-position  on  this  nu- 
cleus, according  to  certain  laws,  which  Haiiy  has  traced 
with  much  labour  and  ingenuity,  the  secondary  forms,  or 
Actually  existing  crystals  are  "produced.  The  develop- 
ment of  this  theory  requiring  extensive  details,  and  being 
not  strictly  elementary,  I  may  refer  for  the  statement  of  it 
to  my  System  of  Chemistry. 

The  mode  of  describing  th^  figures  of  crystals  intro- 
duced by  Werner,  as  subservient  to  mineralogy,  is  more 
simple.  He  assumes  seven  simple  or  principal  forms,  the 
icosaedron,  the  dodecaedron,  the  hexaedron  including 
the  cube  and^thci  rhomb,  the  prism,  the,  pjrramid,  the 
table  and  the  lens  ;  and  these  are  liable  to  the  tluree 
modifications  of  truncation,  bevelment,  and  acumination ; 
truncation  being  that  modification  in  which  the  angles 
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or  edges  of  a  cryntal  appear  cut  off  and  are  replaced  bjr 
planes;  bevelfliaity  tbatio  which  the  edge»»  angles  orter« 
minal  planes  are  so  :altered»  that  there  appear  two  eon- 
▼ergiog  planes  which  terminate  in  an  edge  $  and  acumina* 
tion^  that  in  which*  in-pk^e  of  the  angles  or  tennitial  planes, 
there  appear  three  or  more  conrerging  jdbuies  tecmiiiating 
in  a  point  or  edge.  To.  one  or  other  of  these  forms,  am- 
ple or  under  these  modifications,  all  the  actually  exisdng 
figures  of  crystals  may  be  referred ;  and  though  the  me- 
thod is  an  arbitrary  one,  and  inferior  to  JiUSifs  in  preci- 
sion, it  may  be  adopted  as  suffident  fi»r  ^he  oomnioD  pur- 
poses of  descriplioii^ 
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OF  CHEMICAL  ATTRACTION  OR  AFFINITV. 

Chemical  Attraction  is  that  force  by  which  the  particles 
oi  different  bodies  are  united  intimately  ;  the  result  of  this 
union  being  not  a  mere  aggregate  or  mixturei  but  a  sub- 
stance in  whi<;h  new  qualities  are  acquired,  the  properties 
of  the  bodies  combined  being  more  or  less  changed.  The 
term  Aflbiity  has  been  used  to  denote  the  same  power,  from 
an  opinion,  that  some  peculiar  relation  or  resemblance  ex- 
ists between  those  bodies,  which  exert  this  mutual  attrac- 
tive force ;  and  the  term,  though  derived  from  a  ground- 
less hypothesis,  may,  without  any  reference  to  its  origin, 
be  conveniently  used  as  synonymous  with  chemical  attrac- 
tion. 

The  immediate  result  of  the  exertion  of  chemical  attrac* 
tion  between  two  or  more  bodies,  is  the  intimate  uilion  or 
assimilation  of  their  particles,  so  as  to  form  a  homogeneous 
mass.  This  result  is  in  chemical  language  named  Ccmhi" 
nation.  It  is  to  be  distinguished  from  Mixture^  in  which 
the  {Articles,  however  intimately  they  may  be  blended,  still 
exist  apart,  so  that  they  are  capable  of  being  recognised, 
and  of  being  separated  by  mechanical  operations.  It  is 
also  to  be  distinguished  from  Aggregation^  which  is  on- 
ly the  union  of  particles  of  a  similar  kind,  forming  an  ag* 
gregate  which  hc^  the  general  properties  of  the  particles  of 
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which  it  is  composed,  whatever  may-be  its  mechanical  struc* 
ture  or  form. 

The  substance  formed  by  chemical  combination  is  named 
ar Compound.:  the  sabstances  of  which  it  is  composed  are 
its  CoToponent  Or  Constituent  Parts  or  Principles.  When 
these  are  separated  from  their  state  of  combination,  the 
process  is  named  DeeofAposition.  If  decomposition  has 
been  performed  more  peculiarly  with  the  view  of  discover- 
ing the  composition  of  a  body,  it  is  named  Chemical  Ana-- 
fysis.  Simple  or  True  Analysis  is  that  case  in  which  the 
principles  of  a  compound,  separated  from  their  state  of 
Union,  are  obtained  pure  and  insulated*  Complicated  or 
^alse  Analysis  is  that  case  in  which  the  composition  is 
subverted,  but  the  constituent  principles  have  entered  into 
hew  modes  of  combination,  and.fprmed  therefore  neW  pro-' 
ducts. .  If  the  decomposed  substance  is  reproduced  by  the 
miion  of  its  constituent  parts,  the  operation  is  denenlinatctf 
Cheinical  Synthesis*  The  Integrant  particles  of  a  body  are 
understood  to  be  the  most  minute  parts  into  which  it  can 
be  resolved  without  decomposition :  they  are  of  course  si- 
xnilar  to  each  other,  and  to  the  substance  which 'they  form. 
The  Constituent  particles^  again,  are  those  into  which  it  is 
resolved  by  decomposition,  which  are  therefore  of  a  diffe- 
rent nature,  both  with  regard  to  the  substance  itself,  and 
with  regard  to  each  other.  It  is  between  these  that  chor 
mical  attraction  is  exerted,  while  aggregation  is  con^^eived 
to  be  exerted  between  the  integrant  particle  of  bodies.  In 
a  chemical  point  of  v^ew  all  bodies  are  divided  into  simple  or 
elementary,  bnd  compbund, — ^into  those  incapable  of  being 
resolved  into  dissimilar  particles  or  particles  of  different 
kinds  of  matter,  and  those  which  are  capable  of  suffering 
such  a  change.^    The  term  Element  in  chemical  language 
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is  QOt  howeTer  understood  to  imply  a  body  essei\tially  6im* 
pie,  but  is  applied  merely  to  those  bodies  which  have  not 
been  decjoroposed. 

The  tilery  of  chemical  attraction  is  still  far  fin^m  having 
attained  perfection^Uiough  it  has  been  the  subject  of  much 
uivestigation.  Newton  suggested  the  idea,  that  the  phe- 
nomena of  chemical  ccnnbinatlon  add  decomposition  might 
be  owing  to  an. attraction  tterted  between  the  particles  of 
bodies,  and  varying  in  its  force.  This  view  was  socmd  adopted 
by  chemists.  The  elder  Geoffroy  endeavottredjto  ascertain 
tiie  rdative  degrees  of  strength  with  which  attra^icm  is 
ei^erted  among  bodies^  llie  subject  continued  to  be  pro^ 
sechted,  until  a  number  of  observations  more  or  less  exact 
were  accumulated^  which  Bergman  reviewed^  and  placed 
in  A  clearer  light.  BerthoUet  has  pres^ted  some  novel 
views,  interesting  both  in  their  application  to  minute  phe« 
homena,  and  io  their  relation  to  the  theoiy  of  affinities. 
Some  important  general  results  have  been  established  by  the 
seseari^es  of  Richter  and  Gr^-rLusflaic«  Aft'd  th&  law^  that 
-attractioti  is  exerted  between  bodies  so  as  to  combine  them 
in  debiite  proportions,  fii^t  fully  illustrated  by  Dalton,  and 
df  the  hi^est  importance  if  established  in  all  the  extent 
that  has  beeii  given  to  it,  forms  at  present  a^  idteresdng 
subject  of  discussion.  ,  ^  . 

From  these<preliminary  observiEitk>ns  and  definitions,  we 
may  proceed  to  the  more  foil  statement  of^the  doctrines  of 
i^heinical  attraction,ggeneralizing  these  as  &r  as  the  present 
state  of  our  knowledge  admits. 
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S£CT.  I.— ^(y /4e  Phenomena  which  nrisesjrom  the  exertion 

of  Chemical  Attraction. 

The  immediate  result  of  the  exertion  of  chemical  attrac- 
tion between  bodies,  is  their  intimate  union  or  combination, 
forming  a  new  substance  or  mass  perfecdy  homogeneous. 
This  compound  may  exort  attractions  to  other  bodies,  ei- 
ther simple  or  compound,  and  thus  lui  extensive  series  of 
compounds  may  be  established,  and  an  immense  number  of 
bodies  different  from  each  other  formed. 

The  most  general  phenomenon  attending  combination  is 
a  change  in  the  properties  of  the  bodies  combined.  The 
secondary  qualities  of  bodies  dq)eiiding  on  the  peculiar  ar*^ 
rangements  of  their  partides^  it  is  eaty  to  conceive,  that 
when  these  arrangements  are  subverted,  the  properties  must 
be  altered,  and  that  in  the  formation  of  a  new  substance 
new  qualities  must  be  acquired.  Chemical  combination  is 
accordingly,  in  general,  attended  with  very  striking  chan* 
ges  of  properties ;  so  striking,  indeed,  that  we  can  seldom 
infer  with  certainty,  from  our  knowledge  of  the  properties 
of  any  body,  what  will  be  the  properties  of  the  compound 
it  forms  when  united  with  anodier. 

Still  the  entire  change  of  properties  from  combination 
is  not  an  invariable  result.  There  are  many  cases  in  whidi 
they  are  only  modified  \  and  in  some  cases,  as  for  example 
in  the  comUnations  of  salts  with  water,  so  slightly  so,  that 
there  is  scarcely  any  evident  change,  but  the  change  of 
form,  which  constitutes  solution. 

From  considering  this  latter  class  of  facts,  it  was  former- 
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ly  inferred  As  a  general  law,  that  the  properties  of  com* 
pounds  are  derived  from  those  of  their  constituent  princi- 
ples,  and  are  intermediate  bet^eeen  them ;  while  from  atten* 
tion  to  the  ibrraer  class  of  facts,  the  op]posite  doctrine  has 
been  stated  in  rather  too  unlimited  terms,  that  the  proper- 
ties of  bodies  are  always  changed  by  combinaticm.    Ber- 

aurcfyreeonciles  th^e  apparently  opposite  results.  The  pro* 
perties  of  bodies,  he  supposes,  would  always  remain  in  their 
combination;  but  fi^r  c^tain  causes  foreign  to  the  combi- 
nation itsdf,  by  which  they  are  modified*  and  in  some  cases 
eatLrdy  dii^ised.  Thus,  there  are  p^<q)erties  which  are 
incompatible,  different  tastes  or  colours,  for  example,  which 
cannot  exist  together,  and  which  must  therefore  neutralize 
or  modify  ^ich  other*  fVom  the  approximation  of  die 
particles,  which  is  the  effect  of  .combination,  changes  must 
be  produced  too  in  the  secondary  qualities  dq^ending  on 
their  arrangement.  The  same  cause  must  ^e  rise  to  mo« 
dtfii^j^as  of  diettiioal  properties  i  for  if  in  consequence  of 
this  ap{Hn»cimattQn,  tnudi  cohesion  is  acqaited>  this  inust 
counteract  the  affinities  of  the  principles  of  the  compound^ 
iind  render  its  action  less  energetic :  and,  on  the  other 
hand^  if^  by  the  condensation  attending  chemical  uhionf 
the  bodies '  uniting  have  passed  firOm  the  aei^ifOrm  state  to 
the  liqpttd  form,  this,  by  removing  the  obstade  which  elas- 
ticity opposes  to  their  chemical  action,  may  &cilita{e  that 
acti<Hi,  and^ender  it  more  extenuve  and  powerful^  Lastly, 
the  diminution  which  is  produced  by  the  reciprocaLforce 
it^f  that  unites  two  bodies,  in  the  affinities  wUdi  either 
of  them  exert  to  others,  must  cause  the  diemical  action  of 
compounds  to  be  in  general  weaker  than  that  of  their  con- 
stituent principles :  this  may  in  certain  eases  be  modified  by 
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the  other  causes  which  operate ;  but  stiU  it  is  a  general  re* 
^iitty  and  fai  the  snccessive  combination  of  compounds)  the 
ultimate  product  is  usually  a  5ubj>{iEince  which  exerts  very 
feeble  affinities.        ■ 

Thus  we  perceive,,  that  notwithstanding  the  cihanges 
that  attend  combination^  the  theory  may  be  just,  that  thfe 
'propeities  of  bodies  combining  would  always  be  discovery- 
able  in  the  compound,  were  it  not  for  the  operation  of  mo-* 
difying  circumstances.  And  we  derive  the  rule,  which  ut 
general  will  be  found  to  hold  true,  that  where  eniei^tic  af- 
finities are  exerted,  or  where  substances  having  ^^posiag 
properties  are  combined,  the  properties  will  be  materiaHy 
changed ;  but  where  die  affinity  is  nc^powerful^  and  there- 
fore the  combination  not  very  intimi^te,  or  where  the  sub- 
stances combined  are  sueh  as  agree  in  the  general  assem«- 
blage  of  their  qualities,  the  properties  of  ihe'compoiind  wilji 
not  be  veiy  remiote  from  those  of  its  tQore  a^ve  ingredient, 
er  from  the  me&ti  of  those  of  its  conistittient  p8fft&  Even 
in  v^  intimate  combinations,  yre  can  often  tt^ee  the  pro- 
perties of  compqfunds  from  those  of  their  component  .parts  ^ 
as,  for  example,  the  high  refractive  power  of  water,  from 
its  inflammable  ingredient, — a  property  which  led  Newton 
to  his  singularly  aoDte  conjecture,  that  it  contains  an  in- 
gredient of  that  nature.  The  comparative  volatility  of. 
compound' salts,  which  are  formed  of  principles  disposed  to 
assume  the  elastic  form,  affords  a  similar  example. 

In  those  combinations  in  which  the  changes' of  pn^r- 
ties  are  least  considerable,  there  is  generally  one  diange  to 
be  discovered  to  a  greater  <»*  less  extent,  and  which  may 
even  be  regarded  as  a  test  of  chemical  Onion,— a  change  of 
density,  the  density  of  the  compound  never  beibg  the  mean 
of  the  densities  of  its  component  parts.    In  the  greater 
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Aamber  oF  cases  tbe  density  is  augmented,  and  sometime 
to  a  great  extent  In  other  cases^^owever,  it  is  diminish- 
edf  or  the  volume  is  enlarged. 

As  in  chemical  combination,  the  particles  of  two  bodies 
are  made  to  approximate^  we  might  expect  that  condensa- 
tion would  be  always  the  result ;  and  it  is  not  very  obvious 
how  enlargement  of  volume  should  sometiUies  be  produced. 
BerthoUet  has  very  well  explahied  this.  The  immediate 
efiect  of  combination  is  in  every  case  condensation ;  but  if 
the  consequence  of  the  combina,tion^i8, .  that  one  of  the' bo* 
dies  changes  its  Ibrm  from  the  solid  to  the  liquid^  the  en- 
largement of  volume  which  attends  this  change  of  form  may 
nxpre  than  counterbalance  the  condensation  from  the  com* 
bination }  and  hence>  on  the  whole»  diminution  of  deosily 
mH  be  the  result.  It  is  acconlingly  in  cases  of  solutiont 
br  where  a  solid  body  is  acted  on  by  a  liquid,  so  as  to  \\e 
brought  into  the  liquid  state,  that  the  exceptions  to  the  more 
general  law  are  observed*  It  must  be  added,  however,  that 
they  are  not  altogether  confined  to  these,  but  that  some« 
times  there  is  enlargement  of  yxdume,  even  when  ihe  coim- 
poiind  exists  in  ihe  solid  state,  as  in  tbe  combinations  of 
some  of  the  metals.  When  thi^  happens,  it  is  probably 
from  a  crystalline  arrangement,  which  the  particles  of  the 
solid  assume  in  becoming  solid,  and  js  similar^  therefore  to 
the  increase  of  volume  whick  attends  the  congelation  of  to^ 
rious  substances. 

In  tb^  combinatipn  of  aerial  substances,  it  has  been  sta^ 
ted  as  a  general  law  by  Gay-Lussac,  that. the  Gbnf]ensa«» 
t|on  beat's  a  certain  simple  ptc^rtion  to  the  volume  of  the 
two  airs,  or  rather  to  that  otone  of  them,  being  generally 
exactly  equal  to  tbe  whole  volume  of  one  of  thp  airs ;  some-^ 
times  it  is  double  that  of  th^  volume  of  onie^  and  sometimes 
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there  is  no  apparent  condensation  whatever,  the  volnine  of 
the  compoand  being  exactly  equal  to  that  of  its  two  ingre- 
dients. In  the  case  of  an  aerial  substance  combining  with 
s  soHd,  the  new  compound  existing  in  an  aerial  form,  it 
happens  in  a  number  of  cases,  that  the  volume  of  this  is  ex- 
actly the  volume  of  the  aerial  ingredient,  so  that  the  solid 
is  received  as  it  were  into  the  air,  and  adds  merely  to  its 
densi^. 

A  change  of  temperature,  in  odier  words  the  production 
of  heiit  or  cold,  is,  next  to  the  change  of  properties,  the 
most  important  phenomenon  attending  chemical  combina- 
tion. The  production  of  heat  is  the  more  frequent  change : 
it  is  often  intense,  and  the  great  source  of  heat  m  the  ope- 
rations of  art  is  chemical  combination.  Cold  is  also  not 
unfrequently  produced.  It  very  generally  is  the  conse^ 
quence  of  the  solution  ^f  saline  substances  in  water,  or  in 
other  more  active  liquids,  and  is  still  more  intense  in  the 
mutual  action  of  salts,  and  snow  or  ice. 

Wherever  a  production  of  heat  is  observable  in  diemi- 
eal  combination,  we  can  trace  an  increased  density  accom«» 
panyiilg  it ;  and  the  evolution  of  Jieat  may  be'  ascribed  to 
this,  since  mechanical  condensation  is  always  a  source  of 
heat  On  the  other  band,  where  cold  is  produced  in  che- 
mical action,  there  is  always  an  enlajrgement  of  volume,  to 
which,  therefore,  the  cold  may  be  ascribed.  B|it  the  pro- 
duction either  of  heat  or  cold,  from  chemical  action,  is 
not  strictly  proportional  to  the  change  of  density.  Al- 
lowing the  latter,  therefore,  to  be  the  cause  of  the  change 
of  temperature,  there  must  be  some  other  circumstance  by 
which  it  is  modified.  This  is  the  change  of.  form.  .  It  is 
sufficient,  at  present,  to  state,  that  when  a  body  passes  from 
tfhe  aeriform  to  the  liquid  state,  or  fn>m  the. liquid  to  the 
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fioUd>  fltatei  it  give^'  out  heat,  and  in  the  opposite  changef 
absorbs  it,  in  quantities  not  proportional  to  the  d^ree  in 
which  the  density  is  altered  by  tlie  form;  and  benee  such 
troQsition?  of  itmn,  when  they  accompany  ch^niic^il  action, 
iwhicb  they  firequsntiy  do,  modify  the  production  of  heat 
or  odd  lyhi^h.  arise  from  the  condensation  attending  the 
^combination  itself*  By  taking  into  consideration  tliese  two 
drcom$tances,  the  production  of  heat  or  cold  from  chemi- 
cal' action  is  explained  with  more  precision  than  if  one  of 
them  only  were  admitted  in  the  theory  ;  and  there  can  be 
no  doiib^,  that  both,  when  they  occur,  have  a  share  in  pvor 
Cueing  the  change  of  ^temperature. 
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Sect.  II.— (y  the  Circtmsttinces  iy  "mhich  the  exeHion  ^ 

Chemical  Attt^action  is  influencecL 


Chemical.  atti»ction  is  not  an  invariable  force,  whichi 
as  exerted  by  any  body,  operates  in  all  cases  with  the  same 
strtogth.  Its  exertion  is  powerfully  modified  by  circum- 
stances foreign  to  \U  Of  these  we  can  distinctly  trace  the 
iiiflaence  of  quantity  of  matter,  cohesion,  insolubility,  spe<« 
cific  gravity,  efflorescence>  elasticity,  and  temperature. 
-  1.  Quantity  of  matter.  The  influence  of  this  cir<^ 
cumstance  has  been  first  illustrated  clearly  by  Bertbollet. 
•Some  of  the  facts  from  which  it  has  been  inferred  had  been 
Jkaown  to  c;hemists,  and  in  the  explanations  given  of  these 
some  apiNTOximations  had  been  made  to  the  principle  it* 
self.  By  Berthollet,  however,  it  has  been  more  fiiliy  de^ 
veloped,  and  more  extensively  applied. 
.    The  principle  is,  that  the  increase  in  the  relative  quan- 
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tily  of  a  body  QxeitiDg  an  attraction  to  asoiber,  adda  to 
the  energy  of  its  action*^  The.imost  direet  proof  of  tlHs 
is  derived  from  the  fact}  that  a  compound  may  be  decom- 
posed if  a  large  quantity  of  a  ^abitasice.  eicerting  an  attrao- 
tion  to  one  of  its  prineipjes  be  made  to  ac(  upon  it,  wliile 
from  the  action  of  a  aoaUer  quantityoftkesamp  substance 
no  decomposition  ensues*  Of  this  'there  an  many,  eaam^ 
pies  in  chemistry,  partieolarly  in  tb^  decprapositiona.  of 
compound  dalts.  ,       .  .      > 

Another  proof  of  it  is,  ,that  a  substance  having  ant  aflip 
nity  to  one  of  the  principles  of  a  compound,  com{>anitivsCh 
ly  weaker  than  the  affinity  whicl)  th^y  ex^rt  taeaq|i  otber^ 
can  produce  a  partial  decomposition  of  the  compound,  if 
it  be  brought  to  act  on  it  in  large  quantity;  the  inorease  in 
its  quantity  in  some  measure  compensating  for  the  weak- 
ness of  its  affinity. 

.  Lastly,  what  is  in  conformity  to  the  same  law,  if  a  com* 
pound  is  submitted  to  the  action  of  a  substance, -exerting 
en  attraction  to  one  of  its  principles,  even  stroaiger  than 
the  attractioQtwhich  unites  them,  still  the  decomposition  is 
often  only  partial :  a  portion  <^  the- principle  Abstracted  by 
the  decomposing  substance  remains  combined  with  the  in^ 
gr^ient  with  which  the  entire  quantity  of  it  was  combined 
in  the  compound ;  for,  in  prc^rtion  as  the  decomposition 
goes  on,  the  increase  in  the  relativequaikity  of  that  ingre- 
dient adds  so  much  to  the  force  of  the  attraction  it  exerts 
to  the  principle  abstracting  from  it,  as  to  be  able  to  coun-* 
terbalance  the  attraction  producing  the  decompositioOy 
and  therefore  to  suspend  its  action.  Hence  there  is  a  par* 
tition  of  the  substance  attracted,  between  the  two  bodies 
exerting  "attractions  towards  it ;  and  the  proportions  in 
which  this  partition  takes  place,  are  deteripined  $s  much 
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*^  tbe  differcnceB  in  tfaie  qoaiiiitiet  of  tbeliodies^  as  by  t&» 
d^ffi^ence  of  eneray  in  their  nffinittcHS*  ' 
^r>  •i'l^oni  tfaeefe' general  facts,  BenhoHet  has  drawn  the  con- 
clusion, that  affinity  is  modified  by  quantity  of  matter,  or^ 
-iDoea  pi^idy,  that  the  oh^nieal  action  of  any  body  is  ex- 
aurtad  in  the  ratio  of  Its  affiipity  and  quantity.  The  law,  if 
^fldmitt^,  is  one  of  much  importance  in  its  applications^ 
endblii^  ui&  to  Explain  with  m4>r€f  precision  many  cases  of 
chemical  combination  and  decom|)o$ition  ;  and  illustrating 
the  <^mtioiKof  someof  the  other  circumstances  which  iq- 
^teence  eha^mical  attraction.  * 

« '  The  fiifits,  however,  from  wb^ice  it  has  been  inferred, 
ha^er  been  explained  pn  a  ^dithrent  principle.  Bodies>  it 
It  mati^nad,  oombine  only  in  a  few  definite  proportions ; 
in  othar  proportions,  with  regard  to  each  other,  diey  do 
not  unite:  quantity  of  matter,  therefore,  cannot  influence 
attraction  to  an  unlimited  extent  $  for  if  the  qtiantity  of 
anybody  exceed  that  proportion  in  which  it  is  disposed  to 
eombine  wiA  another,  it  can  evidently  have  no  effect,  nor 
can  any  efiect  arise  from  quantity  in  any  proportions  in- 
termediate between  those  to  which  the  combination  is  li- 
niited«  All  that  can  be  inferred,  therefore,  is,  that  bodies 
uniting  in  certain  definite  proportions,  the  attraction  be- 
Iwjsen  them  is  exerted  with  more  force  in  one  proporticm 
tb^  in  another.  And  on  this  principle  the  facts,  whence  the 
genial  condusioo  drawn  fay  B^thollet  is  founded,  have  been 
ottevapted  to  be  explained.  The  e)cpIanations  will  often  be 
ibundf  however,  to  be  hypothetical,  resting  on  th^  assump- 
tion that  definite  proportions  are  observed  in  combinations 
in  which  there  is  no  proof  that  this  is  the  case,  and  in 
which  «ven  the  results  themselves  appear  to  preclude  such 
a  supposition.  ^  Ami  the  principle  on  which  they  rest,  that 
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the  strength  of  attraction  between  bodies  varies  when  they 
are  in  difierent  proportions  to  each  other,  is  an  admission 
even  of  d>e  influedc^  of  qiianti.ty  of  matter  on  the  fixrce  of 
cbemiQal  fdfinity. 

2.  Cohesion.  Cohesion  is  that  force  by  which  the  in* 
tegrant  particles  of  a  body  are  hekl  in  union  :  .it  must 
therefore  counteract  the  actitm  of  any  power,  the  tenden- 
cy of  which  is  to  separate  these  particles,  in  carder  to  fadng 
them  into  new  arrangeoijents  or  combinations.  Hence  it 
powerfully  modifies  the  exertion  of  chemical  attraction.; 
and  from  the  opposition  of  these  two  forces^  in  difieroit  de- 
grees of  energy,  arise  numerous  shades  of  combination, 

* 

more  or  less  intimate,  as  the  ofie  predominates  over  the 
other,  from  the  mere  adhesion  of  the  sur&ces  of  bodies,  or 
the  absorption  of  a  liquid  iuto  the  interstices  of  a  solid,  to 
the  most  perfect  chemical  union.  If  cohesion  be  power- 
ful,  a  strong  affinity  may  be  effectually  resisted,  and  no 
combination  take  place.  If  cohesion  be  inconsiderable,  a 
weak  affinity  may  be .  predominant,  and  a  combination  be 
effected.  And  whatever  diminishes  the  force  of  aggrega- 
tion^ favours  the  exertion  of  chemical  attraction. 

From  the  influence  of  this  circumstance  in  counteract- 
ing combination,  bodies  in  the  solid  state  seldom  act  che- 
mically on  each  other,  whence  the  axiom  was  established 
in  Chemistry,  Corpora  non  agunt  nisi  sint  soluta.  To  this 
there  are  exceptions,  a&  in  the  action  of  various  compound 
salts  on  each  other,  producing  mutual  decomposition, 
though  both  are  solid,  or  in  the  action  of  some  of  ^hese 
salts  on  ice  or  snow,  even  at  very  low  temperatures.  Yet 
still,  in  general,  Avidity  is  necessary  to  chemical  action; 
and  if  not  possessed  by  either  of  the  bodies  which  are  de- 
signed to  act  on  each  other,  it  is  necessary  that  it  should 
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be  communicated)  either  by  the  application  of  heat,  or  by 
the  previous  operation  df  a  solvent.  Hence  fusion  and  so* 
Itttion  are  the  common  media  of  chemical  action^ 

Cohesion,  existing  in  liquids  to  a  certain  extent,  may 
counteract  their  mutual  attraction  where  this  is  weak, 
though  in  general  the  resistance  it  opposes  is  so  inconsider* 
iable,  that  liquidis  combine  readily,  and  in  all  proportions* 

To  these  views,  with  regard  to  the  effect  of  cohesion  on 
combination,  BerthoIIet  has  added  some  others,  more  no* 
vel,  and  equally  important.  He  regards  it  not  merely  ad 
a  qu^ity  of  bodies  actually  solid  (or  remaining  in  a  slight 
degree  in  liquids)  resisting  the  exertion  of  affinity,  and 
ceasing  to  act  when  s6lidity  is  destroyed  ;  but  as  a  force 
which  continues  to  operate  when  it  has  been  apparently 
oveircbme,  or  when  its  effects  are  not  sensible,  and  which, 
by  a  progression  in  its  action,  may  at  length  influence 
comlnnation.  It  may  be  suspended  by  a  superior  affinity, 
or  by  the  agency  of  heat  j  and  its  energy  may  be  so  far 
subdued  as  to  appear  negative ;  but  still  it  continues  so  far 
active,  that  if  the  forces  by  which  it  was  weakened  are  di*" 
minished,  its  action  will  be  exerted  even  before  solidity 
takes  place,  and  will  counteract  affinity.  Or  if,  in  conse- 
quence of  new  affinities,  combinations  are  produced,  it  may 
determine  the  proportions  in  which  the  elements  are  com* 
bined ;  for  being  exerted  between  the  integrant  particles 
resulting  from  the  combination,  whenever  its  intensity  is 
sufficiently  powerful  to '  counterbalance  the  affinity  of  the 
fiquid  in  which  these  are  formed,  it  wifl  give  rise  to  preci- 
pitation or  crystallization,  will  of  course  withdraw  the  sub- 
stance formed  from  the  sphere  of  action,  will  oppose  an 
obstacle  to  any  further  exertion  of  chiemical  power,  and  by 
auch  operation  may  determine  the  proportions  of  the  com- 
bination.  This  effect,  resulting  from  cohesion,  will  require 
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to  be  stated  more  foDy  ia  considering  the  limits  to  the  ex^ 
ertion  of  attraction. 

S.  iNSOLUBiutT.  This  property  is  merely  the  efiect  of 
cohesion  in  a  soUd,  conmdered  in  relation  to  the  liquid  in 
vhicb  it  is  exerted,  and  of  course  its  operatioa  is  similar^. 
It  qpposes  a  resistance  to  the  exertion  of  any  attracticoi 
towards  the  body  possessed. of  it,  and  it  i&  an  obstacle  to 
the  progress  of  combinatidp,  beyond  that  stage  at  which 
the  insolubility  withdraws  the  substance  formed  from  the 
q>here  of  attraction.  It  equally  favours  decomposttioui 
by  withdrawing  the  ingredient  of  the  compound  which  is 
precipitated,  and  thus  removing  it  from  counteracting  the 
action  of  the  decomposing  substance. 

4.  SPECIFIC  GRAViTV.  Much  difference  of  specific  gra- 
vity in  two  bodies  is  an  obstacle  to  tiheir  mutual  union^ 
ainctf  it  is  a  cause  favouring  their  separatiqn^  and  of  course 
a  more  powerfiil  affinity  is  required  to  produce  their  union, 
than  if  such  a  difference  did  not  exist. 

5.  Efflorescence.  The  operation  of  this  circum* 
stance^  in  influencing  chemical  action,  is  comparatively  tri- 
vial,  yet  it  sometimes  cnn  be  traced.  In  mixtures  of  saline 
substances,  a  substance  evcdved  or  formed  by  their  mutual 
decomposition  sometimes  rises  on  the  surface  in  a  loosely 
aggregated  mass  or  congeries  of  minute  crystals,  forming 
what  is  named  an  Efflorescence.  It  is  thus  withdrawn  from 
the  action  of  the  other  substtooes,  and  this  may  contribute 
to  the  progress  of  the  decomposition,  or  allow  it  to  become 
more  complete.  Its  influence  has  accordingly  been  ob- 
served in  some  important  cases,  particularly  in  the  decom- 
position of  sea  salt  by  calcareous  matt^,  and  the  produc- 
tion, both  natural  and  attificial,  of  carbonate  of  soda. 

6.  ELASTiciTar.     The  property  of  elasticity  is  possessed, 
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iBrsucli  a  degree^  as;  to  in&dewsR  chemical  action  .oiily  bj 
aid>staiices  in  the  aerial  form.  In  that  form,  the  partidea 
of  a  body  ate  mutually  repellent ;  and  thej^  are  thus  placed 
ajt  great  distances  from  ^ach  other*  When  two  aeriform 
bodies/therefbrey  are  presented  to  each  other^  their  parti- 
cles are  at  distances  too  great  to  admit^of  the  exertion  <^ 
<[^iemical  attraction^  so  as  to  bring  them  into  intiinate 
\  mitop.   Hence  eli^icity  is  generally  an  obstacle  to  ch^nieal 

combination*     In  nome  cases  where  the  mutual  attraction 
is  strong^  the  elasticity  is  overcome,  and  two  aeriferro  bo^ 
I  £ea  combine  together ;  but  m(»re  generally  the  reverse  is 

the^case^  or  the  attraction  does  not  operate/   ' 

i  In  conformity  to  this  view,  those  circumstances  which 

I  £q>ress,  elasticity  favour  the  combination  of  elastic  fluids 

Medtanical  pressure^  strongly  and  suddenly  applied,  causei 

tbeto  to  combine.    Rarefaction,  on  the  contraiyj  prev^ita 

this:  hence  inflaminal^  elastic  fluids^  in  a  certain  degree 

<tf  rarity,  dmnot  be  made  to  enter  into  that  combination 

I  whidi..consfitules  combustion*     The  application  of  coldi 

[  espedally  wheii  aided  by  pressure,  has  a  similar  effect  in 

\  promoting  cconbination*    What  appears  singular,  heatoJT-^ 

S  ten  gives  rise  to  the  same  result ;  its  operation,  however^ 

wjbich  is  a&erwiuM^  to  be  considered,  may  be  reconciled  to 

(he  same  prindple* 

In  the  Qombinatioii  of  an  dastic  .fluid  with  a  body  not 
pJEoaeised  of  dasticity,  as  a  liqnid,  the  obstacle  to  their 
«moa  is  less  ;  it  generaUy  therefore  takes  plaee  more  rea-« 
dily,  at  least  to  a  deirtain  ext^it  Still,  however^  the  dasticity 
^^perateSf  and  places  limits  to  the  quantity  of  the  aeriform 
l)ddy  which  the  iigoid  absorbs* . '  Hence  this  quantity  is  in* 
ereasedhy  whatever  counteracts  this  force;  as  by  the  appli« 
cation  of  pressure.  Cold  has  a  similar  e&ct,  though  the 
operation  of  this  is  In  some  measure  counteracted  by  the 
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cohesion  it  communicatestto  the  liquid  ;  and  if  this  is  car- 
ried so  far  as  to  produce  solidity,  the  ab6or{)tion  of  the 
aeriform  body  is  not  only  counteracted,  but  the  quantity 
which  had  been  absorbed  is  often^  at  the  moment  of  con* 
gelation,  disengaged.  In  this  way  ^e  can  account  for  the 
£ict,  which  otherwise  appears  anomalous,  that  the  applica* 
tion  of  heat,  especially  if  sudden  and  intense,  often  favours 
the  combinations  of  aeriform  with  solid  substances ;  the 
diminution  in  the  cohesion  of  the  solid  more  than  counter*^ 
balancing  the  augmentation  of  elasticity  in  the  otiter. 

Since  elasticity  in  general  counteracts  combination,  it 
may  easily  be  understood  that  it  will  iavour  decomposition* 
If  a  compound  consist  of  a  solid  ingredient,  and  of  another, 
which,  when  uncombined,  exists  in  the  aerial  form,  it  will 
be  less  difficult  of  decomposition,  either  by  the  application 
of  heat,  or  by  the  action  of  another  substance  upon  it,  than 
if  it  were  composed  of  two  non«elastic  bodies.  If  exposed 
to  heat,  the  elastic  ingredient,  being  disposed  to  acquire 
the  state  of  elasticity,  its  affinity  to  the  other  is  weakened, 
and  it  is  at  length  expelled.  Or,  if  the  compound  be  sub- 
mitted to  the  action  of  a  substance  which  exerts  an  affinity 
to  its  non- elastic  ingredient,  this,  in  conformity  to  the 
usual  law,  weakens  the  affinity  exerted  between  this  and  the 
other  ingredient,  and  allows  a  portion  of  the  latter  to  a9-> 
sume  the  elastic  form.  This  again  being  thus  withdrawn 
from  the  sphere  of  action,  opposes  no  resistance  to  the  ac- 
tion of  the  substance  by  which  it  was  displaced,  and  there- 
fore does  not  counteract  the  progress  of  the  decomposition.^ 
Hence  the  decomposition  of  such  compounds  is  in  general 
more  complete  than  that  of  those  composed  of  inelastio 
substances,  the  substance  excluded  in  the  latter  still  conti- 
nuing to  act  in  opposition  to  the  one  by.  which  it  has  been 
displaced,  and  the  substance  to  which  both  exert  an  affini- 
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ty,  repiainiog .  iu  combin^tioii  with  portions  of  each  of 
them*'  \     , 

7*.T^MF£RATpB£.  Temperature  denotes  the  $ta(e  of 
'  bodies  with  re^rd  to  beat  and  cold :  ^^uch  of  its  effbc^  on 
obemical  action  is  to  l)e  ascribed,  to  the  op^iratipn  ofsom^ 
pjT  the  pxeceding  caiiSfS)  and  partic9lar]|}r:  tp  th§^  changes 
ivhich  thede  slates  Qccasion  in  cohesion. and  el^ticity.  P§r 
hag  in  general  covpliciited,  hoi^evert  and  giving  rise  to  pe* 
cnljar  results,  it  requires  to  be  eonnideredjap^rt. . 

The  application  of  heat  usually  favours  chemical  combi? 
nation^  there  being  nifnieroi|$  eX^mpl^s  wher^  two  bodies 
dcLnot  Qombine  at  it  }ow  jtemperat^r^f  b^f  enter  into  com|« 
bjfi^tion  when  their  temperttture  is.rais^ 

When  the  combination  of  sglid  ssubst^nqes  ip  &yQure4 
hy  heat,  tl^e  result  is  obviously  to  bq  a^pribed  to  the  dimipur 
tipn  which  the  heat  produces  in  the.  ^tale  of  cohesion,  this 
removing  an  obstacle  to  the  es^ertion  of  their  n^utual  a£Ei-» 
nityt  Where  it  favours  the  combination  of  a  solid  with  a 
fittid,  or  even  with  an  aeriform  body,  as  it  fri^uently  does, 
its  (^ration  is  still  similar,  the  cohesion  (rf'.the  i^lid  being 
weakened,  and  the  resistance  which  that  cohesion  opposes 
to  iJie  combination  of  its  particles  with  those  of  the  other 
sttbstonce  being  so  far  i^emoved :  though  in  this  case,  the 
result  is  rendered  more  complicated  by  the  circumstance, 
that  while  the  heat  diminishes  the  cohesioti  of  the  one  in* 
gredient,  it  inereases'the  elasticity  of  the  other.  This  some* 
times  counteracts  the  combination,  especially  where  the 
mutual  affinity  is  not  strong. 

A  vary  peculiar  fact,  and  which  appears  at  the  first  glance 
not  to  accord  with  these  views,  is,  that  heat  favours  the 
combination  of  elastic  fluids.  If  two  bodies  eadi  in  dsie 
a&iform  state  are  mingled  together,  it  often^  indeed,  ge- 
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nerallyiiappensy  that  no  combination  takes  place.  Bat  if 
h«at  be  sudjdenly  applied^  as,  for  example,  if  a  burning 
body  or  an  ignited  spark  be  introduced  into  the  mixture, 
tbey  instantly  combine.  Here  the  result  appears  anoma- 
lous :  the  obstacle  to  the  combination  €^  substances  in  the 
aerial  form  is  their  elasticity,  and  the  distances  at  which, 
in  consequence  of  this,  their  particles  are  placed.  By  ap* 
'  plying  heat,  this  is  increased,  and  the  combination,  instead 
of  being  facilitated,  it  might  be  supposed  would  be  coun- 
teract^. 

Is  the  following  hypothesis  adequate  to  the  solution  of 
this  difficulty  ?  When  an  ignited  spark  is  introduced  into 
the  mixture,  the  space  on  which  it  falls  has  heat  communi- 
cated to  it,  whence  an  expansion,  proceeding  from  that 
space,  is  produced  ;  «iid  this  expansion,  by  the  pressure  it 
must  occasion  on  the  surroundipg  particles,  will  cause  them 
to  approximate)  and  thus  to  unite.  The  whole  effect  is 
instantaneous,  and  it  is  on  this  that  it  depends.  Were  the 
heat  to  be  slowly  applied,  and  gradually  raised,  it  would 
be  .diffused  through  the  mixture,  and  the  particles  would 
be*  merely  separated  to  greater  distances.  But  a  single 
pbifit  being  heated  to  a  high  degree,  while  the  surrounding 
particles  remain  at  (heir  usual  temperature,  the  expansion 
from  the  former  miist  press. on  the  latter  suddenly,  and 
more  quickly  than  the  heat  can  be  communicated.  These, 
therdbre,  instantly  approximate  within  the  space  at  which 
chemical  attraction  is  exerted,  and  their  union  is  effected. 
The  result  of  the  combination  is  a  farther  evolution  of  heat,/ 
successively  but  rapidly  taking  place,  which,  produces  a  si- 
milar effect  on  the  contiguous  particles^  until  the  combina^ 
tion  is  complete.  There  are  some  cases,  however,  in  which 
^  little  heat  is  extricajtedj  that  the  introduction  of  a  jsing]e 
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spark  IS  insufficient,  and  therefore  a  succession^of  sparks 
must  be  applied. 

The  application  of  heat,  in  particular  cases,  favours  de- 
composition as  well  as  combination.  Where,  of  the  sub- 
stances combined,  one  is  more  disposed  than  the  bther  to 
pass  into  the  elastic  form,  this  tendency  is  favoured  by  a 
high  temperature,  and  frequently  so  much  so,  that  their 
mutual  affinity  is  overcome,  and  decomposition  ensues.  By 
a  similar  operation,  heat  aids  the  decomposition  of  such 
compounds,  by  the  affinity  exerted  by^a  third  substance  to 
the  more  fixed  ingredient^  and  it  often  promotes  the  mu- 
tual decomposition  of  two  compoands,  favouring  the  union 
of  the  two  more  volatile  ingredients,  and  thus  allowing  the 
attraction  between  the  ingredients,  which  are  comparative- 
ly fixed,  to  operate  with  effect.  •  ■     , 

In  all  cases^  tbcn»  in  which  heat  favours  chemical  action, 
it  does  so  by  the  changes  it  occasions  in  the  cohesion,  or 
in  the  elasticity  of  the  iiodies  concerned  ;  but  these  often 
modify  each  other,  and  hence  it  often  gives  rise  to  appa- 
rently opposite  results  ;  it  Is  therefore  only  by  considering 
it  in  relation  to  both,  that  we  obtain  a  just  theory  of  its 
operation. 

The  same  view  is  to  be  taken  of  the  operation  of  cold* 
By  diminishing  elasticity  it  sometimes  favours  combina- 
tion ;  Mid  in  oilier  cases,  by  increasing  cohesion  it  may 

« 

counteract  this,  and  give  rise  to  decomposition.  Or  the 
one  of  these  effects  may  modify  the  other,  and  thus  give 
rise  to  results,  whjch,  were  the  joint  action  not  attended  to^ 
would  appear  anomalous. 

FJrom  the  influence  of  the  circumstances  by  which  che- 
snical  attraction  is  counteracted,  the  corollary  follows,  that 
it  cannot  be  affirmed  in  any  case  that  bodies  have  no  at- 
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traction  to  each  other.  There  are  many  examples  in  Dvitich 
bodies  do  not  combine,  as  in  the  famiK^r  one  of  oil  and 
water ;  but  it  is  obvious,  that  since  combination  is  ip  no  case 
the  simjde  result  of  the  exertion  of  attraction,  but  always 
of  attraction  prevailing  over  cohesion,  elasticity,  or  specific 
gravis,  we  cannot  affirm,  from  combination  not  taking 
place,  that  no  mutual  ajttraction  exists.  AB  that  can  be 
inferred  is^  that  the  attraction  is  not  sufficiently  strong  to. 
overcon^e  the  opposing  forces.  It  is  difficult  to  conceive  of 
attraction  otherwise,  than  as  a  force  with  which  every  par- 
ticle of  matter  is  endowed,  and  which  is  exerted  to  every 
other;  and  the  theory  is  evidently  superior,  which  sup- 
poses  this  power,  in  particular  cases,  to  be  prevented  from 
being  efficacious,  by  the  interference  of  extraneous  forces, 
to  that  which  supposes,  that  between  certain  substances  it 
is  ahoge^er  wanting,  especially  since  in  all  cases  the  action 
of  such  forces  can  be  demonstrated,  at  least  to  a  certain 
extent,  whidi  may  be  sufficient  to  account  for  the  result. 

From  the  influence,  too,  of  these  circumstances,  com- 
bined with  the  admission  that  all  bodies  have  mutual  at- 
tractions, it  follows,  as  a  probable  conclusion,  diat  the  af- 
jfini ties  exerted  by  compounds  are  the  affinities  of  their  con- 
stituent principles,  modified  by  the  circumstances  under 
.  which  they  ar/e  exerted.  It  has  been  conceived,  that  when 
two  bodies  unite  so  as  tq  form  a  compound,  they  form  by 
their  union  the  integrant  particles  of  the  compound,  from 
which  particles  any  chemical  attractions  belonging  to  it 
are  exerted.  It  has  also  been  supposed,  that  between 
these  integrant  particles  of  the  compound,  the  cohesive 
attraction  is  exerted,  which  gives  it  its  peculiar  form. 
'JTiis,  however,  is  rather  an  hypothesis  by  which  the  che- 
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mical  actions  exerted  by  a  compound  ai  such  are  r^e* 
rented  with  more  &cility :  the  aggregaticm,  and  even  the 
chemical  attiractions,  may  be  merely  the  resolt  of  the  modi* 
fied  elementary  affinities.  It  is  no  Aovht  true,  that  the  af- 
finities eaterted  by  the  compound  are  often  extremely  difie>- 
r^nt  from  those  of  its  elements :  it  combines  with  substances 
to  which  they  appear  to  have  190  attraction,  and  it  refuses 
to  unite  with  others  with  which  they  form  intimate  combi«» 
nations.  But  this  may  be  expected  from  the  different  con- 
ditions nlidtf  which  they  operate,  end  it  is  perhaps  possi- 
ble to  point  out  how  they  nray  be  diversified  by  circum- 
stances, the  influence  of  which  is  nndonbted. 

Thus».  frcHn  the  affinity  which  one  of  the  elements  of  a 
Compound  exdrts  to  tlie  odierw  the  iiffitiities  of  either  to 
other  substances  niust  be  so  far.  counteracted,  and  hence 
the  cause  of  wl|at  is  generally  the  case,  that  the  attractions 
exeited  by  a  compound  aire  less  powerful  .than  those  of  its 
constituent  parts,  and  that  the  ultimate  products  of  succes^ 
^ve  combinations  are  usqaUy  substances  having  little  ener* 
gy  of  chemidil  action* 

This,  however,  may  be  modified' by  otber  circumstances 
attending  ithe  comUnatioii,  irfiich  inay  either  concur  with 
it,  and.  still  Jarther  weaken  tlie  affinities  of  the  compound, 
or  vrhidk  may  counteract  it,  and  rendertbem  more  ener- 
getic. Thus,  if  a  substance,  by  Combination^  pass  from  the 
solid  to  the  liquid  state,  it  dcq^res  the  ^Ulvalitages  deriVeci 
from  fluidity,  and  its  affinities,  formerly  eountertlcted  by  its 
eohesion,  maydiow,  notwithstanding  sdme  diminution  whijch 
they  suffer  from  the  combination,  bis  exerted  with  more 
effect  Or,  if  elastic,  substandeii  by  combination 'fbrm  a  li* 
quid,  the  advantage  gldned^t^om'tbis  condensation  and  re- 
moval of  elasticity  may  mot^  than  counterbuJance  the  di- 
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minution  o{{arc€  frbm  combination,  and  may  render  tl^ii* 
affinities  more  extensire  and  more  powerful.  Or  the  re^ 
verse  of  tbese  modifications  may  happen.  If  the  result  of  a 
combination  be  the  transition  of  a  substance  from  the  Ikpiid 
to  the  6olid  state,  the  cohesion  acquired  will^add  to  the  di-^ 
minution  of  its  affinity  from  the  combinati^m  itself;  or  if 
an  aeriform,  compound  be  prodiicedi  the  elasticity  of  Ai^ 
may  concur  with  the  efiect  of  the  combination  in  weaken* 
ing  the  energy  of  its  action. 

With  these  views,  many  facts  in  thedetaiJs^of  Chemistry 
strictly  correspond,  and  they  afford  some,  happy  eKplana-* 
tions  of  chemical  phenomena.  Affinities  thus  modified^ 
BerthoUet  has  liamed  ResuTfim^,  to  distinguish  them  fK>m 
the  affinities  of  the  immediate  principles  of  a  compound^ 
.which,  in  cohtradistinetion,  be  names  elementary.   > 

To  this  he^d  of  resultiojg  affinity,  niay  probaUy  be  re« 
ferred  those  anomalous  cases  of  chemical  action  which  have 
been  classed  together  under  what  has  been  named  Disposi- 
ing  Affinity*  lU'all  these  cases,  the  decomposition  of  a 
compound,  and  the  combination  of  one  of  its' elements  with 
the  substance  producing  the  decomposition,  is  promoted 
by  the  action  of  a  third  substance,  tliough  it  exerts  no  sen- 
sible attraction^  to  either  of  the  bodies  the  combination  of 
which ^t  thus .pnombtes.  >.Ithasbeai  observed,  however, 
that  it  always  has  an  aOiraction  to  the  compound  they  form^ 
and  to  this  .attraction  the  effect  has  been  ascribed,-— a  so* 
^  lution  of  the  difi^ulty  which  appeared  very  absurd^  as  it 
supposes  the  attracticm  of  one  body  to  another»  not  in  ex» 
istence,  to  be.tb^  cau^^  of  the  laHfter  being  produced.  The 
compound  mu^t  be  formed  before  any  affinity  to  it  can  be 
exerted.  This  conclusion  appears  to  be  just.  But  ii^  ac- 
cording to  the  preceding  doctrine,  all  bodies  haire  mutual 
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jiffiiiitie%  sod  Jf  th^  i^ffioities  of  ceiapounda  be  the  modified  ^ 

affinities  of  their  elAments,  the  affinity  between  the  dispose 
ing  8id[iBt|iDce  and  lhe.<XMnpDttnd  isdi,  coutse  the  modified  \ 

affinitieei  of  the  elem^als  of  the  latter  tp  the  fi>rmer :  these 
may.be  ^^erted  therefore  preiFious  to  the  .combination,  and 
Q^Qoarrhig  with  the  affinity  which  tfa^  at  the  same  time 
aaf^tnatfy  exerts  may.prodnce  a  unimi  of  forces  whence  the 
C(ombination^  of  the  whole  is  estaUisbed,  It  is  probably 
^jErom  this  union  of  dormant  a&iitiefi,  favoured  more  or  less 
by^th^  circumstan^MM  .imder  which  ibey  ^eexerted,  that 
aU  coses  of  disposing  affinity  arise.  > 


►      >    ■    •  1.  •  ..      . 


'  $p^.  IXI.«— (y  the  Limits  to  ihe  Ejceriim^CheodcAl 
'^  .  .  Jiitractian. 


»  C£(9Miq^  attraetioift  ohey»  certain  limita ;  v/rsf , 
i{€^ard)tp^.  the  relative  quantities  in  which  it  causes  bodies 
tp  fp^bipej^  and,  sectmdly^  with  regard  to  the  number  of 
^ul^st^^jkces  between  whii^h  it  mny  be  exevted^  so  as  to  bring 
them^/i^to  ^ij^ttl^neous  combinatiom . 


u 


Firgt,  Jn  the  greater  numb^  of  oDmbiaatbtts,  there'  are 
limito  ^^  the  attw^on  exerted,  With ;  regard  to  relative 
i|uai|tjty  i  or  the  bodies  are  not  always  oteibined  iii  inde- 
finite qqfkntities^  but  often  oidy  in.detotaiinate  proportiona. 
Under  the  general  proposition  with  regard  to  this,  several 
classes  of  factsrm#y  be  arranged. 

Istf  There  are  cases  iA  which'  two  bodies  can  be  com* 
Uned  together  only  in  one  proportiim,  and  if  an  excess.'of 
either  ii^ediei)t  of  the  compound  be  present,  it  remainl 
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vncon^uiedy.vidi ato  picqierties  miiiKaiged    The  cam^ 
txtent  principles  f^  wAter  affi)rd  aft  example  <if  this. 

.  Si2l^«  Attraction  is  frequently  exerted  between -tiro  bo- 
diesj  as  ta  combiDe  diem  in  two^  in  tii^ree)  or  even  i^  four 
proportions .$  but  tbese  are  always 4^finitei  so  tbat  fd.the 
interme^ate  proportions  no  combinaiioii  is  estnt^tAtdd* 
These  coBibinafions<give  rise  to  compounds  whiob  (fife- 
cUtirdy  in  their  propertii^  from  each  o^r,  the  >dtfft«r€Sices 
beii^  feequently  as  great  as  if  they  were  toirmed  of.  p#ifici-v 
pies  altogether  different.  From  tk)s  cavfse  prineipaUy  arise 
the  diversities  in  the  properties  of  the  ^ttb&H^ees  bi^nglog 
either  to.  the  animal  or  vegetable  kingdom,  tlhese  cmisisting 
in  genera]  of  the  same  printiplSI,  united  only  in  differoit 
proportions. 

Sfdfyf  Gombihiition  is  sometimes  ontimited  ^^a'^lsettain 
extent,  but  when  this  is  reached  it  is  arrested.  Water, 
for  example,  will  dissolve  any  quantity  of  a  salt  up  to  a 
certaift.propoolioii ;  bst  when  this  has  beencdmbi^ed  with 
it,  dife-mutualatlcactionioeasesio  operate  wbh^eftoi,  and 
no  larger  quantity  can  W  dissohred^  '  ^he  httiit^ion  tt 
eom£>iiiiatiDn  iii  idik  ea«^  is  nathed' l^ttiratioil ;  aufdwhim 
tjie  water  has  dissolved  the  hftgest  qtEamity^of  ih^  is^ 
which  it  can  dissolve,  it  is  said  to  be  saturated  with  it 

tl^oMyftlilmEeiwke  cades  of  eotfib^natiM  absolately  unli- 
mited^, or  in  wliicUr<  bodies  lift te  ih^  eii^*ery  {iroportitdn^ 
Tbs  is^obsd^^cd  tohiyj}^  prineipi^in  l4e  eoAibinaiidii 
of  liipiids  with  eackioiher,  where' the  tJompovM  U'^aitis 
the  liquid  form.  /     ;  -.  :.  i    .  ..^ 

When  combination  takes  plac^  indeterminate  ^ft)por- 
t^ns,  it  ^meraily  happ^s  that  (here  i^otie  p^oportidit  in 
tfhish  the  propterties  of  the  bodi^  eonilihiiiilg  tii^e  inutuai-^ 
iy  lost  or  neatcaUzed  i  the  disdtietite  properties  of  i[ieitilier 
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ingeedknt  bppeaiiag  in  die  eotnpQ%iiid ;  while  in  the  pro« 
portkois  different  from  tkis,  die  propiNtiesr  of  the  ingre^ 
clieiit  tvfaidi  is  ifi  esccea  may  be  recc|;hiBed»  weakened  on- 
}y;to  a  certain  extent.  The  stage  of  the  aMnUnation  at 
whicdi  this  happens  is  natned  the^  point  of  Neutralization^ 
and  isc»netitnea'the  p^i  of '  Satui^ion.  The  latter,  faow-^ 
eveir^  ie  nwre  properly  eiB^oyed  in  the  s^se  alipeady 
pointed  otlty^as  denoting  the  extrtee  of  eombination  $  •  and 
the  t^rm  Neutxaliz^on  i&  preferable,  as  signifying  that 
state,  in  whieh  the  .properties  of  the  bodies  are  motuany 
kar  or  scutralised.  . 

:  it  is  axtqtiestion  of  some  interest  and  importance,  to 
what  canses  these  varieties  of  combination  are  to  be  a* 
scribed^  and  it  would  be  satisfa(^:ory  to  reduce  them  to  one 
general  ^riioctpl®*  On  thissttbjeet  a  theory  was  4dtaiic^ 
l^  BeKtholkt  ^  to  which  has  sinee  been  opposed  4  t^stctti 
preeisdy  the  reverse. 

'  Theiprinieipie.of  BerthoDet^s  theoiy  is,  that  affinily  is  a 
fiNirce  ahiagrft  disposed  to  operate  od  bodies,  and  to  Unite 
than  in  yabatemeat  rdalive  qnantitiestbey  are  presented  to 
oaek^other;  thotJaliy;  iiimts  opposed  to  its  exertion  arise 
fimn  ext^nal  foeoe^  cohesion,  •  eiaiticity  and  others,  by 
which  it  is  influeMed,.  and  thai  it  is  only  by  the  operation 
of  these  that4]etainijMite  pvc^MMioiis  s»t  established.  Hence 
wh^re  tfaescJ  extoVRai  forces  do  dot  operate,  as  in  the  mu^ 
tsud  acdon  of  two:  liquids,  the  compound  remaining  liquid, 
the  oombinatioa  is  unlimited  with  i'egard  to  propitftiOti. 
yVhsa  cote»i<m  or  elasticity  is  present  In  the  subjects  of 
tHe  eombination,  as  in  the  acttoii  of  a  liquid  <hi  a  solid,  or 
in.the  absorptioiiof  an  aeriform  substance  by  a  liquid,  these 
forces  limit  the  qttandty  of  the  solid  that  can  be  dissolved, 
or  of  the  air  that  is  absorbedi — ^the  affinity  producing  th^ 
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the  combination  becomii^  weaker  as  the  coxnbinattou  -pso* 
ceedS)  while  the  cohesion  of  the  remaining  .solidr  or  the 
elasticity  of  the  unabsorbed  air,  eoDtiqties  a».at  fir$t,  and 
therefore  an  equilibrium  must  be  arrived  at,  when  the  com* 
binatipn  wiU  cease.  Up  to  that  period  it  takes  place  in 
ii^^determinate  {ntoportions ;  but  when  it  is  reached,  a  Umifc 
is  placed,  beyond  which  it  cannot  proceed.  And,  lastly, 
when,  in  the  progress  of  combinatioitf  the  result  in.  any. 
part  of  it  is  great  cqndaiisation,  this  by  ibe  obstacle  it.tnay 
'oppose  to  the  exertion  of  affinity,  or.  even. from  the  gre^« 
ness  of  the  condensation,  by  withdrawing  the  product  from 
the  sphere  of  action,  may  limit  the  combtnalion.  to  that 
point,  or  to  the  proportion  at  which  this  eifect  is  greatest; 
or  if,  by  particular  circumstances,  tbiais  oveniomes^  in  tbe. 
further. progress. of  the  combination  it:  may  again  happen  ;; 
and,  in  this  way,  compounds,  in  two  or  three  determinale 
proportions,  may  be  formed.  -•  ■'] 

The  opposite  dcictmie' rests  on  the  principle^  <  that -iit' is 
the  ten<fency  of  chemical  attraction  to  ^oombine  bbdieam 
definite  proportiofis^'  ind4>6ndent  of  die  /operation  of  eK^ 
ternal  circumstances ;  and  what  oons^rtutes.  a  leading  Semv 
ture  of  tbe  doctrine,  it  is  fartbe*  maintaiaed,!that;wheie:i£ 
body  combines  in  differint  proportio^ansith  another,  ihese^ 
prop09tipns  have  simple  arithmc^ticalirelationa  'to  eichi 
other.  This  view  was  firstdistincdy  pteMOted  by  Mr  Tki* 
ton.  Where  two  bodies  comhme  only  invonei  proportion^ 
they  probably  unite,  he.suppoa»i,  atom  to  atom  sing^fi: 
Where  they  combine  in  .two  proportions. it  is  prdtiableliii(l( 
the  combination  in  one  jMroportion.is  that  of  atc»B'With< 
atom,  in  the  other  of  one.atom  with  tif^«lo<i(is;j  ahdc6tQr 
binatioBS  may  in  other  cases  take  {dace  in  thjo  proportion' 
of  one  lyith  three,  or  one  with  four>  ol*  even  in  other  sim^ 
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pie  pz6|)ortkms.  The  fi^towmg  dK>Ft  table  represents  the 
order  in  iirfaicb4w6  bodies^  A  and  By-may  thus. be  stippos^ 
ed^to  coBibmef  forming  \d^e  products  or  oompoiiDds  de- 
noted fay  C»  Dy  Ey  &c« 

•     .•   ' 
1  jitom  of  Ar^l  atom  of  BssI  atom  of  C»  lanary. 
1  atom  of  A+2  atoms  of  Bsrl  atom  of  D,  tectiary. 
2«tom&of  A?f  1  atom  of  Bss  \  atom  of  E>  ternary* 
1  Btom  of  A  4- 3  atoms,  of  .B=::l  atom  ,ofF^  quaternary. 
3  atoms  of  A  + 1  atom  of  B;=:  1  atomofG,  .quaternary,  &c. 

A  similar  p}*inciple  was  stato^.by  Dr  WoUastofi;  <  He 
had  observed  in  certain  cases!  of.  decomposition)  of  saline 
conBqpoQods^  that  the  quantity  <tf  one  of  the  ingredients,  se- 
parated by  a  partial  decomposition^  is  exactly  iialf  the 
quantity  of  it  whiih  tbet^ompdand  contained ;  *^thal;  if  the 
compound^  *  for  example^  of  an  aerial  vithit  fixed  substance 
were  esspQsed  taheat)  a  certain  quantity  of  the  former  was. 
espeUed  from^it*  and  if  alter  tbii  it  were  sabmitted  to  the 
operation^fKf  a^more  powerful  ehemical  affinity >.  so  ais  to  ua- 
dergo  complete  decomposition^  it  yielded  another  .quantify 
of-it  pr^m#ly  ^jEjuiil  to.  tfae.forai«r.  This  seemed  to  shew 
thAt;ih^i)<^£^dy  combined. with  the. other  in  two  defi- 
nit^iprpp^rtioqsy  the  onepfoponk>&  being .  double  <^  die 
oti^.  And  from  a  number xif&cts  of  this  kind»  Dr  Wol- 
la^toQ  drew  the  a$n<dusion»  tbat.the  elements  of  bodies  are 
di^^d  \o  upite  atom  to  atom  singly^  or  if  either  is  in  ex^ 
cess,  it  exceeds  by  a  ratio  to  be  expressed  by  some  simple 
midtiple.pf  the  number  of  its  atoms. 

Gay^-Lussac  has  observed  a  relation  in  the  combinations 
of  ^leri^  bodi^  which  leads  to  the  same  principle.  Some 
q£  these  were* known  to  combine  hi  simple  prc^ortions 
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with  r^ard  to  vidatne^  6m  that  of  equal  volume^  or  that  of 
two  volumes  of  the  one  body  to  one  of  the  other.  £x>- 
tending  his  researches  to  the  grea^  nahlber  of  the  com- 
binations of  this  class,  he  has  shewn  that  thi^  is  a  general 
law  with  regard  to  them> — ^that  elastic  fluids  combine  in 
ratios  the  most  simple,  those  of  i  tol,  Ito^^^drltoSin 
volume.  This  view  of  the  subject  has  one  pecidiarity  dis- 
tinguishiflg  it.  When  the  proportions  of  the  elements  of 
a  compound  are  estimated  by  weight,  thefe  is  no  ^mple 
proportbn  between  them  in  the  first  combination :  it  is 
only  when  there  is  a  second  combination  of  the  same  ele- 
ments that- the  additional  portion  of  one  of  them  is  a  mul- 
tiple of  the  first  $  but  in  elastk:  fluids,  ev«n  in  the  first 
combination,  the  two  elements,  have  a  certain  sio^fepgro*- 
portion  to  each  other. 

In  probf  of  the  doetrineiof  combini^ioft  being  establishr 
ed  IB  definite  iirc^rtidnsi  a  number  of  analytical  regrits 
have  been  given  by  Berzdius^  who-  haslkrtbdr^4^m^  to  a^ 
grater  esutait  than  mxy  otbe^  of  its  supportere^ -t^^  hypl^> 
thetical  io^ences  wluch  may  bd  drawn  from  ib^'gekierat 
principle.^  .  j.,>  ....  .-.     .j     . 

There  is  another  form,  tOtiP,  under  which  tbedodriM  has 
beeapresentedyiri  which  it  is  connect^  with  c^rtiiifi^peetibt- 
tions  as  to  thd^weight  of  the  atones  of  bodies.  If  it  bead-: 
mitted,  that. in*  tfai  combiiiailion  of  t#o  bodies  in  certam 
relative  proportions^  they  il»ite  atom  with  atom  singly,  or 
that  they  unite  one.atcmi  with  twOj  or  with  any  other 
known  number  of  atoms,  theo  the  relative  weights  of  thes^ 
atoms  may  be  inferred  from  the  relative  quantities  in  which 
the  bodies  combine ;  for,,  taking  the  simpleiit  i^  these  cases 
for  illustration, — that  in  which  one  body  combMes  with 
another  in  one  proportion,  if  it  be  asiSiamed,  as  Mr  Dalton 


OR  AFrtNIXYi  61 

says  it  is  reasonable  to  dd>  tbat  the ''  two  bodies  combine 
atotn  with  ^tom,  then  the  weight  of  these  atoms  must  be  as  ^ 
the  quant^ities  of  the  bodies  whieh  eombine»  since  by  as^ 
eumption  these  quantities  resplectively  contain  the  same 
number  of  atoms*.    Oxygen  and  hyA?ogea9  for  example, 
combine  in  one  proportion,  that  of  7  or  7,S  of  the  former 
to  1  of  the  lat^r.  It  ib  assumed  thai  this  combinatidn  is  a' 
binary  one,  or  that  one  cktom  of  oxygen  condiines^  with 
<>ne  atom  of  hydrog^.   The  number  of  ittoms'  of  oxygen, 
therefore,  in  the  quantity  of  it  which  enters  into  unioii^ 
and  the  numljer  of  th^  atoms  of  hyidrogen  in  the  qi||antitj^ 
of  it  which  combines,  are  the  same ;  hence  the  weights  of 
these  atoms  itnist  be  in  the  ratio  of  7  or  7.5  to  1,    If  we 
take  one  pf  these  bodies  as  a  standard,  (and  hydrogen  is 
selected  by  Mr  Dalton  &  the  common  standard),  and 
state  the  weight  of  an  atom  of  it  as  1,  the  weight  of  an 
atom  of  oxygen  wQl  be  7,  and  on  the  same  principle  the 
weights  of  the  atoms  of  other  bodies  may  bb  determined. 
Mr  Dalton  has  Accordingly  given  an  extensive  system  of 
this  kind,  representing  the  weights  of  the  atoms  of  the  ' 
more,  important  chemiaal  agents,  and  the  constitution  of  a 
number  of  chemical  cdmpounds.     Sir  H.  Davy  has  repre- 
sented this  in  a  different  manner^  by  considering  water  as  a 
com|)ottnd  in  which  two  proportions  of  hydrogen  are  com- 
bined with  one  of  oxygen  \  hence  the  number  representing 
hydrogen  being  1,  that  representing  oxygen-  is  15,  and  the 
numberp  applied  to  other  bodies  are  changed  in  a  similar 
manner.    Others  have  taken  oxygen  as  the  unit  j  and  have 
thus  been  led  to  adsign  other  weights  to  the  atoms  of  bo- 
dies, but  still  the  system  under  these  different  forms  is  es- 
sentially the  same. 

It  is  obvious  that  this  is  altc^ther  hypothetical.    We 
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liave  no  means  of  determining  in  any  cas^  what  number  o( 
particles  of  one  body  combine  with  another.  It  is  reason- 
able to  infer,  it  is  said,  that  in  a  combination  taking  place 
only  in  one  proportion,  that  for  example  of  oxygen  with 
hydrogen,  one  atom  of  the  one  body  combines  with  one 
atom  of  the  other;  Another,  however,  finds  it  more  rea- 
sonaUe  to  infer^  that  in  this  combination  two  atoms  of  hy- 
drpgen  combine  with  one  of  oxygen ;  and  it  is  just  as  rea*^ 
sonable  to  believe,  that  two  of  oxygen  combine  with  one  of 
hydrogen,  or  that  other  nombers  combine.  The  whole  is 
mere  assumption,  and,  were  even  the  doctrine  of  definite 
proportions  established,  little  advantage  could  accrue  to  the 
science,  from  connecting  with  it  an  hypothesis,  and  ex- 
pressing its  results  in  the  language  of  that  hypothesis,  which 
might  be  stated  with  more  simplicity  and  equal  precision 
in  another  form. 

.  Excluding  this  part  of  the  doctrine,  and  comparing  the 
two  general  systems,  we  find  the  fact  demonstrated,  that  in 
many  cases  combination  is  absolutely  unlimited  with  regard 
to  proportions :  in  these,  therefore,  the  principle  of  the  one 
theory  is  established,  while  that  of  the  other  is  excluded. 
In  itself  too  it  is  more  probable.  It  can  scarcely  be  con- 
ceived but  that  attraction  is  a  force  which  will  be  exerted 
betwef!n  bodies  in  all  relative  quantities  in  which  they  are 
placed  within.the  sphere  of  its  action  y  it  may  be  exerted 
more  powerfully  in  some  proportions  than  in  others,  and 
this  may  establish  the  combination  in  these  proportions : 
bul^  it  is  improbable  that  tkere  are  proportions  in  which  it 
shoiiidit  not  bb  exerted,  and  in  which  therefore,  by  pecu- 
liar arrangements  of  circumstances,  combination  may  not 
be  established. 

Neither  can  the  influence  of  external  forces  in  deter- 
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l[)]jning  tBe  proportions  in  chemical  combination  bedis-:  . 
pute^.  The  operation  of  cohesion  and  of  elaj^ticity,  in  par- 
ticular, in  placing  limits  to  it,  where  it  would- otherwii^e  be 
unlimit^,  is  in  many  cases  sufficiently  evident.  Their  in- 
fluence  even  in  establishing  combinations  in  d<^finite  pro* 
portions  is  conspicuous  in  the  striking  fact  to  be  afterwards 
noticed,  that  all  the  cases  referred  to  superior  elective  affi- 
nities are  those  in  which  the  force  of  cohesion  is  powerful- 
ly exerted,  and  insoluble  compounds  formed.  The  influ- 
ence of  relative  quantity  of  matter  on  the  force  of  chemi- 
cal affinity,  which  is  irreconcilable  with  the  doctrine,  that 
combination  takes  place  in  definite  proportions,  is  not  less 
established ;  ^nd  the  facts  which  prove  it  cannot  Qtherwise 
be  accounted  for,  but  by  explanations  more  complicated, 
and  resting  only  on  hypothetical  assumptions. 

All,  then,  that  can  be  strictly  inferred  is,  that  with  regard 
to  some  bodies  tliere  is  a  tendency  to  combine  in  certain 
definite  proportions^  with  regard  to  each  other.  This  may 
sometimes  arise  in  whole  or  in  part  from  the  operation  of 
external  forces,  of  condensation  in  particular,  insulating  the 
compound  at  a  particular  stage  of  the  combination.  But  it 
cannot  always  pefhaps^be  referred  tosiich  a  cause ;  nor  is  it  • 
easy  to  account,  from  the  operation  of  external  circumstan- 
ees,for  the  law  which  appears  to  be  observed,thatwhere  there 
are  difierent  combinations  of  the  same  elements  in  definite 
proportions,  the  additional  proportions  of  one  of  the  ele- 
ments are  multiples  of  the  first.  It  is,  oh  the  other  hand,  suf- 
ficiently probable,  that  attracticm-may  be  exerted  more  for- 
cibly between  the  particles  of  bodies  when  they  are  in  cer- 
tain relative  quantities  with  regvd  to  each  other,  and  that 
this  may  give  rise  to  the  combinations  being  more  easily 
established  in  these  proportions,  and  b^i%  more  perma- 
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nent  than  in  otliera*  But  it  does  not  follow  from  this,  that 
la  all  cases  there  will  be  such  tendencies  y  nor  does  the  ad- 
mission of  the  fact  exclude  the  operation  of  these  external 
circumstances  by  which  attraction  is  influenced,  and  com- 
binations are  modified.  Berthollet  has  accordingly  shewn^ 
that  even  in  those  cases  in  which  definite  proportions  ha- 
ving  simple  ratios  to{each  other  exist,  (the  cases,  for  exam- 
ple, stated  by  Dr  Wollaston),  combinations  of  the  same  ele- 
ments  in  other  proportions  may  be  formed ;  and  he  has  &r- 
tber  shewn,  that  the  strength  with  which  attraction  is  ex- 
erted varies  in  these  proportions,  and  that,  conformable  to 
the  law  that  quantity  of  matter  influences  the  force  of  at- 
traction, the  ingredient  of  a  compound  is  retained  with 
more  force  as  the  quantity  of  it  becomes  relatively  smaller 
to  that  of  the  other  ingredient  with  which  it  is  combined. 

The  important  point  of  investigation,  then,  in  relation  to 
this  subject,  is,  to  de.termine  those  cases  in  which  definite 
proportions  are  observed,  and  those  in  which  they  are  less 
strictly  limited,  resting  this  determination  on  actual  experi* 
ment,  and  excluding  the  inierences  .which  rest  merely  on 
hypothetical  reasoning.  If  the  law  of  definite  proportions 
were  strictly  established,  its  importance  is  unquestionable, 
in  the  assistance  it  would  aflbrd  to  chemical  researches  :— 
the  existence  of  a  certain  ratio,  for  example,  between  the 
known  combinations  of  two  bodies  suggesting  the  existence 
of  pther  combinations  unknown,  and  leading  therefore  to 
their  discovery,  and  the  knowledge  of  such  proportions 
being  capable  also  of  being  applied  to  detect  the  errors  of 
analysis.  Buti(  the  law  is  less  strictly  observed,  if  it  scarce^ 
Jy  exists  with  regard  to  some  bodies,  and  even  if  with  re* 
gard  to  others,  where  it  does  operate  in  establishing  definite 
proportions,  k  does  not  exclude  other  combinations,  it  is 
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evident,  that  the  asftamptio^qf  if  iQua(  le(id  into  enrqi'}  giye^ 
rise  to  fruitless  invfstigatioiisy  and  retard  the  prqg^s  9f 
the  scienceji  by  introducing  hjpothetic^  conclusion^  :     . 


Seean4ljfi  Ch0mi^  attraction  ol^erv^efi  certain  Urv^ 
with  regard  to  the  number  of  §ub&tanq^  which  it  CQitibinfs 
together.  It  not  only  ^t^s  twp  ^ub^nces  i  it  &mimn^ 
lirings  three  or  more  in&>  combif)atipn» 

When  three  suUtaDces  aif^  plapetgl  jyiithin  t^i^^  sgH^x^  ^f 
chemical  action,  it  ofto  j^^f^ps  th^  t^q  of  i)\Qm  ^0fll- 
bine>  to  the  exclusion  of  this  tj[)ird,p^j9i9^  is  combined^wijti^ 
jeach  of  the  others  in  proportions  deterxpined  by  thgir  nf- 
finities  and  iquantities.  In  some  C99^»  howev^s  ipsteiyi 
•of-dther  of  these  varieties  of  coilibination,  the  tbr^^ub- 
dtadces  ^iter  into  simult^n^u^  con^bination,  ^d  fost^  oq- 
iy  one  comppusid.  £ve^  four,  five,  or  perhaps  more  sub- 
stafitaes  jeaay  be  thus  coinbii^ed.  Such  combinations  arp 
named  Ternary,  Quatemary»  &c.  according  to  the  number 
of  their  constituent  paris* 

There  are  numerous  examples  of  these  combinations  a- 
niong  the  metals.  They  occur  also  frequently  among  the 
salts,  one  acid  being  saturated  by  the  joint  action  of  two 
bajses.  Nature,  too,  pres^nt^  ps  with  a  mnnber  of  su^ 
combinations  in  the  vegetable  ^nd  animal  systems.  Near- 
ly all  vegetable  substances  are  compounds  of  at  least  three 
principled;  and  the  comppsitix^  of  the  animal  products  i^ 
atjiU  moTQ.  complicated^,  i^\xf  or  Avp  prif^ciples  bping  comr 
bined  in  their  formation. 
'  .The9e  combinations  app€t4r  tp  take  ^J^ce  priiu^ipally 
where  all  the  substances  have  mutual  alXractiops,  which^  un,- 
der.  given  circumstances^  do  lapt  differ  gr^a^y  in  forcei^and 
-where  the  external  forces  of  coh^i<Hi}  ^«  do  not  much 
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^inlerfere.  Were  the  attraction  of  one  ingredient  to  any 
of  the  others  modi  superior,  it  would  probably  give  rise  to 
an  insulated  binary  coynpound ;  or  did  the  force  of  cohe^ 
fiion  or  elasticity  operate  with  much  energy  on  any  of  the 
flnbstances  in  their  mutual  binary  combination^  this  might 
modify  the  reciprocal  action.  But  where  neither  of  diese  cir« 
jcumstances  is  present^  the  affinitjeis  may  be  balanced,  apd 
give  rise  to  one  combination*  Hence,  pix>bably9  their  for- 
maticmy  more  peculiar^  iq  the  vessels  of  vegetables  and 
animals,  where,  fipom  themoticm  and  agitation  under  whack 
they  are  placed^  and  the  smallness  of  the  mass  in  which 
tJie  affinities  operate,  these  circumstances  are  obviatedji  and 
-^feequiiibnum  of  mutual  aflSnities  is  established. 

A  law  stated  by  Gay-Lussac  appears  to  prevail  in.  ter- 
nary combinations,  that  the  elements  are  united  it^  such 
prop(»rtions>  that*  when  the  condt^ination  is  subverted  Aey 
unite  two  and  two,  one  of  the  ingredients^  in  certain  pcNrtions 
combining  with  each  of  the  Others,  and  form  binary  corn- 
pounds  of  determinate  composition. 


Sect.  IV.— Q^  the  Forces  with  which  Chemical  Attraction 

is  exerted* 

BoniEs  exerting  attractions  to  others,  exert  them  with 
different  degrees  of  force ;  and  from  this  arises  a  series  of 
important  chemical  changes. 

From  the  atliraction  exerted  by  one  substance  to  ano« 
ther,  their  combination  takes  place.  But  this  attraction 
may  be  inferior  in  force  to  the  attraction  which  either  of 
these  substances  exerts  to  a  third  body.     In  this  cas^  if 
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thia  body  he  brought  to  act  on  the  cofi^ioiiBd  wfaicUtthe 
others  have  formed,  it  will  deoon^xne  it ;  the.-  two  which 
escert  the  strongest  attraCtioii^  wsB  ioombioe^  and  the  Ihiid 
will  be  separated.  Henoe  arises  an  eattebsive  series  of  de- 
compositions ;  and  hence,  too,  is  deriyed  the  power  of  the 
Oien^ii^t  to  recover  in  an  insulated  state,  substances  which 
have  been  combined  together,  as  weU  as  to  obtain  the  prin- 
ciples  of  which  natural  compounds  are  formed- 

The  case  now  explained  has  been  named  Single  i3ec- 
tive  Attraction, — ^a  substance  combining  with  another  ap* 
parently  in  preference  to  a  third.  It  was  nsiialfy  siqoposed 
V  that  this  combination  is  exclosive,  and  that  the  substance 
which  is  displac^  is  obtained  pure  and  jinsnlated^  .  In  ma-* 
ny  cases,  however,  from  th^  infiuoice  of  quan^ty  oa  affi-' 
nity,  the  excluded  substance  retains  a  portion  of  the  one 
with  which  it  was  originally  combined ;  and  in  other  cases 
it  attracts  a  portion  of  the  decomposing  s^abstancer  And 
it  is  principally  where  the  external  circumstances,  eqpeciat 
ly  cohesion  and  elasticity,  whi/ch  infloence  chemical  affinityy 
operate  powerfully,  that  complete  .dec(«ipositJ<m  is  pro- 
duced. 

GeofFrpy,  a  French  chemist,  first  endeavoured  to  ascertain 
the  relative  forces  of  attraction  among  the  principal  che* 
niical  agents.  He  represented  them,  so  far  as  they  were 
known,  in  a  tabular  form ;  and  since  his  time  the  labours 
of  many  chemists  have  been  directed  towards  correcting 
and  extending  these  tables.  Their  construction  is  exUeme* 
ly  simple.  The  substance  who9e  attractions  are  to  be  enu- 
merated, is  placed  at  the  head  of  a  column,  and  ^e  sub- 
stances to  which  it  has  attractions  are  placed  l^eneatb  it, 
in  the  order  of  their  relative  forces,  the  substance  to  which 
it  has  th^  strongest  attraction  being  imAicdiatcly  under 
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it^  the  dthers  following  in  that  order,  and  the  one  to  which 
it  has  the  weakest  attroctkm  of  course  doting  the  column. 
Thus  the^attractionaof  Itnie  and  of  muriatic  acid  are  re- 
fireaented  in  the  foUowing  tables :       . 

*  -  • 

Lnut:.  Mdriatic  Acin.,^ 


•*•■ 


Oxalic  acid.  Baryties. 

Sulphuric  acid.  Potash. 

Tartaric  add.  Soda.  , 

Fhosphorie  acid.  Lime. 

Nitric  acid.  Ammonia. 

Muriatic  acid.  Magnesia. 

,  There  is  'toother  case  of  elective  attraction,  more  com- 
pHcated;  Suppose  we  have  a  compound  formed  by  the 
Hilton  of  two  bodies  A  and  6,  and  that  to  this  compound 
toother  &  presented  composed  of  C  and  D ;  it'often  hap- 
^(ms  that  the  two  compounds  exchange  their  principles,  A 
leaves  B  to  combine  with  C,  while  at  the  same  time  B 
combines  with  D,  and  two  new  compounds  are  thus  form- 
ed :  and  this  decomposition  is  effected  by  these  joint  forces, 
while  one  of  the  compounds  could  not  have  been  decom-  ' 
posed  by  the  sole  action  of  one  of  the  ingredients  of  the 
other.  Thus,  if  the  force  of  attraction  between  A  and  B 
were  equal  to  20,  and  the  attraction  of  C  to  A  equal  to 
16,  C  alone  could  not  have  decomposed  AB.  But  if  the 
affinity  of  C  to  D  is  equal  only  to  7,  while  D  exerts  an  at- 
traction to  B  equal  to  12,  then  a  decomposition  must  be 
'eft'dcted'on  mixing  these  two  compounds ;  for  the  sum  of 
their  existing  attractions  is  inferior  to  the  sum  of  those 
tending  to  separate  them  j  the  foi*mer,  the  affinity  of  A 
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to  B  and  the  affinity  of  C  to  D^  beutg  equal  only  to  27} 
the  latter,  the  affijiity  of  C  to  A  and  of  D  to  B,  being 
equal  to  28.  [ 

This  has  been  named  Double  Elective  Attraction  $  two 
elective  attractions  being  exerted,  and  two  new  compounds 
formed.  Of  the  two  attractions  which  are  exerted,  the 
tendency  of  the  one  is  to  pr^serve^the  original  coigfiounds 
undecomposed,  that  of  the  other  is  to  separate  dieir  prin- . 
ciples.  The  former  were  named  by  Kirwaa  the  Quies- 
cent ;  the  latter,  the  Divellent  Attractions.  It  is  evid^t, 
that  a  double  decomposition  can  only  be  effected,  where 
the  sum  of  the  divellent  is*  superior  to  that  of  the'quies- 
cent  attractions. 

Diagrams  have  been  employed  to  represent  these  elec- 
tive attractfcHis*  X)r  CuUen  emplqyed  one  in  whith  two 
cylQiders  fitoasBd  each  other  at  the  middle,  and  were  ^uifh 
posed  tp  be  moveable^  so  that  the  two  (extremities  brought 
iogedter  r^resented  the  union  of  the  fiubstaoces  «c^  oa 
by  the  attractive  force.  Bergnm  employed  another,  betf 
ter  adapted  to  repres^t  the  results  md  the  circunptances 
coQBected  with  these  <kcooipoflltions»  It  consists  of  two 
bradcets  connected  by  straight  lines,  formiil^  fi*  ^U^t^%  a$ 
Ihe  sides  and  comers  of  whidi,  the  moms  <^  the  e:|^tii9g 
anapomids,  and  of  their  iBgredients,  are^laoed,  as  in  t^ 
jutinexed  figure. 
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Sulphuric  acid  -^ 

86 
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Muriate 

of 
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^  Sulphate  of  Lime. 

If  the  two  compounds,  named  Sulg^ate  of  ^otii^^  and 
Muriate  of  Lime;  the  former  consisting  of  sulphuric  acid 
and  potash,  the  latter  of  muriatic  acid  and  lime^  be  mixed 
together,  a  double  decomposition  takes  place,  and  two  new 
oompounds,  muriate  of  potash,  and  sulphate  of  hme,  are 
formed.  This  is  rq^resented  by  placing  on  the  ottts^  sided 
of  the  two  brackets  the  names  of  the  two  compounds  mix.* 
edf  and  at  the  comers  of  the  brackets,  ihe  names  of  tbdt* 
ingredients,  so  disposed  that  the  one  acid  shall  be  diago^ 
nally  opposite  to  the  other.  If  the  numbers  expressing 
the  relative  force  of  attractions  of  the  principles  of  these 
compounds  be  also  added,  it  will  be  obvious  whether  decom- 
position wiU  ehsue.  If  the  attraction  between  potash  and 
sulphuric  acid  cqu^I  62,  and  that  between  lime  and  muria- 
tic acid  20,  the  sum  of  the  quiescent  attractions  will  be  82. 
But  if  the  attraction  between  potash  and  muriatic  acid  be 
S2,  and  that  between  sulphuric  acid  and  lime  54,  the  sum 
of  the  divellent  attractions  wiU  be  86.  Tbese>  therefore,  will 
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Operate  with  effect  i  the  moiriatic  add  and  the  potash  wUL 
combine  together^  as  will  the  sulphuric  acid  and  the  Bme ; 
and  to  r^resent  thb  tfa»  names  of  these  faulting  com-* 
poinds,  muriate  of  potash  and  sulphate  of  limei  arepkded 
without  the  straight  jtipes^  by  which  tiie  brackets  are  con^ 
necDeci* 

To  r^resent  a  single  elective  attraction,  the  same  figure 
is  used»  with  one  bracket  only. 

Where  the  quiescent  attractions  are^superior  to  the  di- 
vellentj  and  where  of  course  no  decompo^ilioQ  takes  [dace, 
the  sdieme'ccmttsts  of  two  unconnected  brackets*  with  the 
names  of  the  compounds  at  each  side,  and  of  their  ingre- 
dients  at  each  corner ;  the  numbers,  denoting  the  forces  of 
attraction,  being  interposed, 

Inthes^  decompositions  it  frequently  happans,  that  one 
Of  both  of  the  new  cqmpoundff  prove  insoiuUe,  aiid  conse~ 
quenlly ,&U  down.  This  is  denoted  bybending downward^ 
in -th^*  middle,  the  line  placed  between  the  substance  and 
the  square^  as  in  the  di^am,  where  the  undermost  line  is 
bent  down  to  shew  that  the  Sulphate  of  Lime  is  precipi* 
tated.  If  one  of  the  substtoces  be  volatilized  or  sublimed, 
the  line.is  bait  upwards  in  the  middle.  If  th^  arenditheir 
precipitated  nor  volatilized,  the  bracketB  are  connected  by 
straight  Uii^s. 

Lastly,  the  circumstances  under  which  the  decomposi* 
tjon  takes,  place,  are  pointed  out. .  When  it  is  effected  by 
heat,  this'  is  d^oted,  by  inserting  in  the  middle  of  the  dia^ 
gram  a  triangle,  a,  the  old  chemical  symbol  for  fire ;  an4 
an  inverted  triaaglet  v>  the  mark  foe  water,  is  inserted 
when  the  decomposition  takes  place  in  a  watery  solution* 
The  same  mediod  is^stiU  used,  the  signs  only  having  been 
changed ;  aiid  to  facilitate  the  construclion  of  such  d|a^ 
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grkmn,  all  th^  ebefnical  agents  have  likewise  been  dkttn- 
giiidied  by  pattictiliir  symbols. 
There  is  an  important  geilerti  feet  witb  regard  to  these 

« 

decoiiipositiom,  that  the  state  of  neatralization  in  the  com- 
'^trnds  remains  unchanged.  If  t^  eompotinds,  in  each 
of  which  the  ingredients  are  combined  to  the  point  of  mtr* 
tftd  neatraKsfciftibtt,  be  itiitigied  together,  and  a  dotilAe  de- 
composition ensue,  the  twoMMr eompotinds that aie ftrm- 
ed  wiU  be  equally  neutralj-^a  result  which  shews  such  a 
relation  between  the  proportions  of  the  subst^d^s,  and  ilieir 
power  of  producing  neutralizbtiiott,  that  tbe  qtmntity  of 
oihe  which  nieutraHzes  the  base  with  which  it  is  cdi6bfned 
ill  the  one  compound,  wiH,  when  transferred  tothe  bsGte  of 
the  other,  neutralize  the  quantity  of  it  which  the  ingre^ 
dient  detached  from  it  had  neutralized ;  while  thi»,  on  the 
other  hand,  wifl  be  equally  capable  of  ireiitrdiking  th^ 
quantity  of  base  with  which  the  otlver  had  been  combined. 
tt  leads,  as  is  ^afterwards  to  be  stated,  to  an  accurate  me- 
thod of  determining  the  cofinp^ition  df  saline  compounds. 


Such  are  the  doctrines  of  single  and  double  elective  at- 
traction, «s  they  were  deKvered  by  Bergman.  A  dfiferent 
Tiew  has  been  given  by  Bertbollet  of  these  changes,  which 
it  is  necessary  to  explain. 

In  Bergman's  theory,  affinity  is  regarded  as  an  invari- 
able force ;  and  decompositions  an&  ascribed  to  the  diffe- 
rent degrees  of  force  with  which  it  is  exerted.  In  the 
theory  of  BertkoIIet,  they  are  referred  principally  to  the 
6peration  of  those  external  circumstances  by  which  at- 
traction ii^  iflflueneed.  If  the  substances  which  act  on 
each  othfer  be  liquid,  or  soluble  in  the  fihiid,  which  is  the 
medium  of  action,  and  if  the  compounds  they  form  in  any 
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•ta^of  combination  bare  i^i  gr-eat  cxyhesiod  df  insoJal^^ 
ty ,  no  evident  change  ft{^ar&  wbeh  they  are  mfated  toge-  ' 
ther  $  there  is  a  iBuHud  nauiration^  and  the  opfyesing  sub- ' 
stimees  remain  united,  Ibre^ng  a  oombinatkHi,  in  irhidi 
(h^  fon^eisare  balasced*     Bat  if^  oh  ''any  of  the  pnrt9  of 
«adi  a  cb&d^haatibn^  cohesion  or  insolobifiiy,  or  elasticity 
operate  with  enttgy^  diese  external  fbrced  siArrert  the  foa- 
lanoe,  give  risa^o  isepliri^ioail,  and  are  the  caase  of  th^  re- 
salts  whi<^  nwd  to  be  ascribed ;  to  the  predominance  of 
adrongoMr  weric  afikiiHeis* 

-    Tluift  tile  4dhici  <3f  cheraicAl  oonibiimti^Hi  is  condensation; 
If  indntaixces  are  submitted  to  mataal  action,  some  of  winch 
bavie  a  strong  tendency  to  cohesion,  and  if  in  combining  ' 
with  others  this  t^dency  is  increased  by  tlie  condensation 
sttending  the  e^aybination,  it  nu^  so  for  operate  as  to  insu- 
hita  tbe  oompoaied,  and  give  itke  to  itii  separation,  ieavidg 
other  principles  combined  on  i^hich  this  external  force 
operates  wMi  less  effect*    l%u%  in  a  case  of  double  decom- 
position, wliere  £Msr  ■sabstanees  are  presented  to  each  other, 
if  one  of  them  has  a  tehdency  to  pass  into  the  solid  state, 
and. if  diis  is  increased  by  its  combination  with  one  of  the 
others,  so  that  they  ftirsi  a  compound  of  sparing  solubility, 
this  amy  lietevtsiiie  their  coml^iaiion,  and  the  compound 
thqr  foitai  *wiH  be  separated  by  precipitation  or  crystallixa- 
tioHf  the  other  two  remaimng  in  combination  and  in  ^oIu« 
tii^.     If  even  these  lour  substances  were  previously  in  the 
levjerse  binary  comUHiatioiis,  die  same  extraneous  force  will 
oause  an  exchange  of  principles,  or,  when  three  substances 
aire.prf»aited  to«ach  olher,  if  the  combination  of  two  of 
thesD  give  rise  to  a  substance  of  sparing  solubility,  or  having 
s^  staroag-tendenf^  to  cohesion,  this  in  like  manner  will  de- 
termine their  anion^  and  cafise  the  separation  of  the  itisolu- 
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blc  compound^  instead  of  the  balance  of  affiDitie^  whidt 
wc»ild  odierwise  have  been  the  result* 

JClasticity  sometimes  gives  rise  to  similar  effects,  especial-^ 
ly  "where  heat  is  implied.  An  elastic  ingredient,  in  single 
elective  attraction,  wiU,  from  this  c^se,  be  mc»re  easily  dis- 
placed; and,  in  double  elective  attractions, 'it  will  d^xit^ 
mine  the  combination  of  the  two  c^qxning  sttbstaneed  whioh 
are  most  disposed  to  assume  the  clastic  form. 

Xlus  view  of  what  have  been  named  Elective  Affinittea 
appears  to  be  supported  by  a  yety  extcn»ve  coincideiice 
with  facts,*-*>those  substances  which,  in  decompoadtioiiff  e& 
fected  by  the  medium  of  solution,  have  been  considered:  ai 
exerting  the  most  powerful  affinities,  being 'those  which 
^orm  tbe  least  soluble  compounds,  an^  with  regard  to 
which,  therefore,  the  force  of  cobesion  i^>pear8  peailaady 
to  operate ;  and  those  which,  in  decomposidons  d&cted 
t)y  heat,  have  been  regarded  asr  exerdng  the  weakest  afin 
nities,  being  those  which  have  the  greater  tendency  to 
volatility,  or  which  form  the  inodt  volatile  compounds,' 
and  on  which  therefore  the  power  of  elasticity  mtist  cqierate 
with  greatest  effect  .  The  influence  of  both  these  forces 
must  indeed  be  exerted  in  these  as  in  other  cases  of  cbe-» 
niical  action  to  a  certain  extent ;  but  tfa^e  is  some  obscu- 
rity with  regard  to  their  nKxle  of  operation,  if  diey  are" 
considered  as  the  sole  effective  forces ;  and  in  considerk>|g^' 
them  as  such,  it  may  be  questioned  whether  BerthoUet  has^ 
not  extended  their  influence  too  far.  Diiferenees  in  the  forces^ 
of  affinity  as  exerted  among  different  bodies  exist,^  and  such^ 
differences  must  apparently  have  an  effect,  *  considerable- 
even  in  determining  the  combinations  which  take  place. 
It  is  difficult  however  to  assign  the  relative  importance  of 
these  causes,  as  it,  is  not  easy  to  determine  how  far  the  force 
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-6f  pohesbn  itedf  in  a  compoundi  is  tbe  tesvk  of  cbameoi 
aUraction^  or  what  pPKm  rdation  exists  betikweii .  these 
powersb 

T^B  pfoblem  with  regard  to  the  aib«k>hite  forces  of  affi- 
nities among  bodies- is  one  which  Gbemiats  have  frequently 
attempted  to  solve.  That  attractions  di£fer  in  force,  as  ex- 
erted by  each  body  to  a  serieft  of  others,  is  sufficiently  evi* 
dent ; '  the  difficulty  is  to  discover  their  degrees  of  strength. 
Were  these  known,  many  of  the  deductions  of  the  science 
would  rest  <hi  calculation  $  bat  tliis  has  hitherto  been  very 
imperfectly  attained. 

-  Several  of  the  methods  on  whidhi  the  solution- has  been 
attanpted,  rest  <m  -fiilse  principles.  Guytcm,  observing 
that  different  metals  adhere  to  the  sorfiKe.of  i^dcsilver  with 
dilferent  degrees  of  force,  supposed  that  these  might  indi- 
cate their  respective  affinities  to  tbat.metal,-^-^  method  not 
only  limited  as  to  the  possibiltty  of  its  execution,  but  in^ 
"  aocijrate,  inasmucb  as  the  adhesion  denotes  merely  the  fa* 
«  dtity  of  conrfmiation,  which  dq>ends  at  much  on  the  co«^ 
hesion  of  the  metals  as  on  their  attractive  powers.  Wen- 
2el  had  stt{^x>s^  that  the  quantity  of  a  body  dissolved  in 
a  given  time  by  another,  affi^rds  a  measure  uf  the  force  of 
the  ai^ty  exerted, — a  principle  equally  defective,  sinc^  the 
faj^dity  of  combination  depends  iiot  merely  on  the  affini- 
ty, but  on  this  modified  by  the  other  circumstances  which 
iflfluonce  chemical  action*  Neither  can  any  results  con* 
nected  with .  the  facility  of  decomposition  of  compouuds 
afford  any  oeitain  indications,  since,  these  are  dependent  to 
a  certain  extfent  on  the.  same  circuipf  tances» 

Kirwan  observed  a  connection  between  the  affinities  of 
bodies  and  the  quantities  of  them  required  to  neutralize 
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the  pfoperties  of  other  sobitanoes  with  which  they  com-* 
bine ;  and  Bertfaollet,  correcting  and  estfendisg  his  vitwUf 
has  advanced  the  principle,  that  the  powei  possessed  bj  a 
body  of  neutralizing  the  properties  of  anotherj  is  the  re- 
sult of  the  strength  of  its  aflSnity  to  .tbait  body,  and  may 
therefore  be  regsrded  as  a  measare  of  it }  the  affinities  of 
different  substances  towards .  anollier  being  in  the  inverse 
ratio  of  the  quantities  of  them  necessary  to  neutralise  the 
properties  of  an  equal  quantity  of  that  substance  -j  in  other 
words,  the  smidier  the  quantity  of  a  substance  required  to 
neutralize  ano^er,  the  more  energetic  is  its  attraction  to- 
wards  it.  To  discover,  therefore,  the  &rces  of  affinity, 
as  exerted  by  difierent  bodies,  it  is  otily  necessary  to  deter- 
mine die  quantities  required  to  produce  neutralization  in 
those  with  which  they  combine. 

On  this  principle,  Berthollet  baa  indicMied  the  order  of 
the  affinities  of  the  pi'iiicipal  acids,  and  'Of  the  basses  whj/Q^ 
ijiey  neutralize;  and  this  order  is  very  diiSerent  from  that 
Inferred  from  the  known  series  of  decooqiositions.  This, 
indeed,  is  no  just  objection  agaiiist  the  dieory ;  for  these 
decompositions  arising  from  the  operalion  of  other  foroes 
besides  that  of  affinity,  there  are  no  grcninds  to  in- 
fer that  they  shall  correspond  with  the  real  scale  of  the 
forces  of  attraction.  There  is  reason  td  doubt,  however^ 
whethei^  the  principle  is  altogether  just  $  and,  ev^i  if  it 
were,  the  investigation  is,  in  die  present  state  of  our  kpow- 
ledge,  attended  with  such  difficulties,  diat  the  results  are 
far  from  being  certain.  We  are  unable  also  to  appreciate 
the  force  of  those  circumstances  by  which  the  eicertion  of 
chemical  attraction  is  modified;  and  we  sfaotdddrnve  there- 
fore less  advantage  from  a  knowledge  of  the  abscdute  forces 
of  affinities  were  even  this  a/ttaiued. 
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From  the  precediqg  observations,  it'  must  be  apparent^ 
that  the  common  tables  of  elective  attraction  do  not  repre- 
sent  the  relative  forces  of  affinity,  bqt  only  a  series  of  de- 
compositions, which  arise  from  the  c^eration  of  circum- 
stances which  influence  at^ractioti,'  as  much  as  from  differ- 
ences in  the  strength  of  attraction  itself.  Nor  do  they  even 
expr^  tlie  Qi:der  of  thesie  deqonipQailiops  with  jaceuracy ; 
since  the  influence  of  quantity^  which  so  materially  modi- 
fies the  results,  has  been  neglected  in  the  experiments  on 
H^hicb  they  f^ro  founded..  They  aire. therefore  of  lesip  ptili|y . 
thaa  has  been  beli^yq,d.  ,  As  they  may  be  condens^»  bow-  . 
ever,  in  asli^rt  sp^e,  apd  may  sometimes  be  consulted^  I 
have  ijiserted  thpm  alojig  with  other  t^lgiles  la  the.  ap|^ndix« 
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BOOK  11. 

OF  KKPULSION)  AND  ^HET  POWERS  BY  WHICH  IT  IS 

PRODUCED. 

1  HE  attractions  exerted  between  the  partides  of  matter 
are  cxHinteracted  by  certain  forces  of  repulsiany  and  by  these 
the  arrangements  and  combinations  to  which  the  former 
give  rise  are  modified  or  subverted.  Their  operation, 
therefore,  is  important  in  the  production  pf  chemical  phe* 
nomena. 

Of  these  repulsive  forces,  the  most  general  in  its  agency 
is  the  pow^r  of  Heat,  or  Caloric.  This  power  is  present 
in  all  bodies :  it  is  capable  of  being  increased  or  diminish- 
ed,  and  this  increase  and  diminution  are  accompanied  with 
corresponding  changes  in  the  distances  at  which  the  par- 
ticles of  bodies  are  placed.  Electricity,  especially  under 
the  form  of  Galvanism,  likewise  exerts  a  repulsive  agency, 
and  is  even  more  powerful  than  heat  in  subverting  chemi- 
cal combination.  With  these  ^ents,  Light  has  an  inti- 
mate connection.  Its  materiality  is  indeed  more  decidedly 
established,  yet  it  is  doubtful  if  it  exert  any  chemical  afBr 
nities ;  its  particles  are  mutually  r^peUent,  and  it  is  not  im^ 
probable,  that  in  producing  chemical  ch^anges,  it  operates 
by  the  repulsion  it  communicates  to  the  particles  of  bodies. 
The  materiality  of  caloric,  and  perhaps  also  of  electricityi 
is  more  doubtful,  and  they  are  with  most  propriety  con- 
sidered in  chemical  arrangements  as  Qencral  Powers. 
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CHAP.  I. 


OF  CAl^ORIC^ 

Of  the  sensations  we  experience,  none  are  more  fami«- 
liar  than  those  of  heat  and  cold.      These  are  excited  by 
bodies  applied  to  the  organs  of  sense,  and  with  regard  to 
this,  no  fact  is  more  familiar,  than  that  the  same  body  exr 
cites  at  different  times  very  difGsrent  degrees  of  these  sen- 
sations.     The  inference  from  this  is  •  obvious,  that  the 
power  of  producing  the  sensation  does  not  strictly  speak* 
ing  belong  tp  the  body  applied,  but  depends  on  some  prin-' 
xiple  or  power  which  it  contains,  and  whicK  is  capable  of 
being  increased  or  diminished ;  the  increase  or  diminution 
of  it  in  any  particular  substance  being  accompanied  with 
corresponding  changes  in  the  power  of  prqducing  these 
sensations.  ■  We  thus  arrive  at  the  conclusion,  that  there 
exists  a  cause  of  heat,— a  power  or  principle  capable  of 
being  communicated  to  bodies,  and  of  being  withdrawn 
firom  them*     We  can  observe  the  transfer  of  it  from  one 
-to  another ;  for  by  bringing  a  cold  body  into  communica- 
tion with  a  hot  one,  the  latter  conlm^unicates  to  the  former, 
to  a  certain  extent,  its  power  of  exciting  the  sensation  of 
warmth,  losing  at  the  same  time  proportionally  the  power 
it  has  of  exciting  the  same  sensation  :  and  this  Gommifni^/ 
cation  may  continue  to  be  made  over  any  number  of  bo- 
dies, ui^til  an  equilibrium  is  established* 
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It  is  scarcely  necessary  to  illustrate  this  by  example.  A 
piece  of  iron,  which  has  been  heated,  if  plunged  into  cold 
water,  loses  a  portion  of  its  heat,  which  the  water  acquires; 
the  water  may  equally  be  deprivqd  of  this,  and  the  power 
bo  Ijransferred  to  another  body* 

So  far  the  idea  of  the  cause  of  heat  is  limited.  It  has 
been  fartlier  extended  by  the  observation  of  other  eflFects 
which  it  produces.  Whe?i  a  body  is  heated,  it  is  also  ex- 
panded, or  its  volume  is  enlarged  in  every  direction;  when 
it  is  cooled,  the  volume  is  diminished  ;  and  the  diminution 
or  increase  of  volume  bears  a  general  proportion  to  the 
abstraction  or  addition  of  the  peculiar  power  on  which 
these  effects  depend. 

It  has,  lastly,  been  proved,  that  when  this  expansion  is 
carried  to  a  certain  extent,  bodies  change  tb^ir  forms,  so- 
lids becoming  liquid,  and  liquids  being  conyerted  mUk  irn- 
pours  or  airs. 

These  effects  being  thu$  connected,  are  justly  consid^r*- 
ed  as  arising  from  the  exertion  of  the  same  power.  It  has 
been  distinguished  by  different  appellations  ;  as  Fire, 
Heat,  the  Matter  of  Heat,  or  the  Igneous  Fluid, — terms 
either  ambiguous,  or  implying  an  hypothesis,  and  there* 
fore  superseded  by  the  more  unexceptionable  appellation 
of  Caloric. 

'  By  Calorie,  then,  is  to  be  understood,  a  po^er  present 
in.  bodies,  the  cause  of  their  expansion,  and  of  their  con- 
version  into  the  fluid  and  aeriform  states,  and  which,  whei^ 
present  in  a  certain  quantity,  excites,  in  animals  the  sensa- 
tion of  heat,  the  sensation  of  cold  being  also  the  effect  of 
its  abstraction. 

Some  have  considered  this  power  as  a  peculiar  subtle 
fluid  diffused  over  matter,  and  capable  of  entering  into  eve- 
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ry  bo(}y ;  dlbei^s  ha^e  Aipppsedall  the  phetuHXlena  exhibit- 
ed by  hesrted  bodies  to  arise  from  a  peculiar  state  of  these 
bodiesy-r-a  vibratory  ihotioni  itiore  or  less' violent,  of  their 
minute  particles;  The  question  on  this  subject  wifi  be  mofe 
property  ^amin^d  after  the  eflfects  of  Cidoric  have  been 
copsiderecL  It  is  sufficient  at  present  to  remark,  that 
whatefVer  may  be  the  nature  of  this  power,  its  eidstence  as 
the  cau^  of  certain  effects  is  demonstrated }  aRd  these  ^-' 
fects;  dieir  relations  to  each  other,  eoxd  the  general  laws 
according  to  which  they  are  produced*  may  be  investiga- 
ted vfith  sufficient  precision,  though  the  nature  of  tlie  cause 
may  be  unknown. 


Sect*  hr^Qfthe  Di&trihidion  of  Calorie,  and  the  means  of 

measw'ing  Temperature* 

.  TfiB  state  of  a  body  with  regard  to  its  power  of  j>rodur 
cing  dl^  e^Sscts  which  arise  from  the  operation  of  ddoric, 
is  termed  its  Temperature.  In  every  body  the  tcn»>era- 
ture  depends  on  the  quantity  of  caloric  it  contains.  If  at 
any  temperature  it  Contains  a  (certain  quantity,  the  addi^ 
tion  of  caloric  raii^es  i|s  temperature,. and  its  abstraction 
equally  causes  ^  redMCtion  of  temperature* 

Some  estimate  may  be  formed  of  the  teitnperature  from 
the  sensatiop  it  excites,;  but  this  method  of  judging  is  ex- 
tremely defective.  It  is  necessarily  limited  with  regard  to 
the  range  of  temp^ature,  since,  beyond  a  certain  degree, 
either  o^heat  or  cold,  there  can  be  no  discrimination ;  and 
it  is  also  inaccurate,  frcon  the  sensations.b^ng  so  much  in- 
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fliiencod  fay  ^mrioufi  drcum^aiiceS)  beucks  the  dixvct  eamt 
hy  which  ihty  «re  excited* 

The  idode,  therefore,  of  estimating  thd  tempeniltite  of 
ixxlies  hj  Ae  expansion  produced  by  the  ^iperation  of  ^ 
brie,  was  a  vahiable  acqukition.  On  this  is  fomnded  the 
cotistmctlon  of  the  Th^trnMn^teri^-^-en  instrument  <^  the 
first  importance  in  aD  ne8ef»*dies  <m  the  subject  of  heat. 
Sanetorius^had  dbsfefred  the  great  expansion  whidi  air  un^ 
dergoes  when  heated«  and  it  occurred  to  him  that  this  ex* 
pansion  fnighl  aibud  a  measure  of  the  Tariations  of  t^n* 
peratare.  TYie  iti4trument  he  used  was  a  hollow  glass  baB, 
with  a  long  cylindrical  stem  of  narrow  diameter :  when  it 
is  placed  in  a  vertical  position,  the  ball  being  uppermostp  as 
represented  fig.  20,  a  portion  of  the  air  of  the  ball  may  be 
expelled  by  beat,  and  the  open  end  of  the  stem  being  im« 
mersed  in  a  liquid^  the  liquid  rises  in  the  stem  when  the 
ball  cools,  and  afterwards,  by  its  ascent  or  descent,  as  it  is 
pressed  on  by  the  air  in  the  ball  expanded  by  heat  or  con- 
tracted by  cold,  shewb  the  alt^ratiotts  of  rolume  which  the 
iur  suffers  from  these  changes  of  temperature.  This  in* 
strument  is  capaUe  of  indicating  r^ry  minute  changes  of 
tem|)eratare,  air  hemg  so  expansible  as  to  snlfer  a  sensiUe 
change  of  volume,  j&om  the  slightest  variation  of  heat  or 
cold.  It  is  otherwise  very  ilnpedfect,  being  capable  of 
measuring  a  very  limited  range  of  temperature,  and  being 
Hable  to  be  aflfeeted  by  variations  fti^m  the  atmospheric 
pressure;  Its  &^m  is  imprdved  by  using  a  ball  with  an 
tipright  cylindricid  stem, -curved  at  the  bottom  as  repre^ 
sented  fig.  2t.  It  has  also  been  r^dered  mdre  perfect, 
and  capable  of  being  applied  trith  much  advantage  to  ter« 
tain  forms  of  experiment,  by  an  invention  of  Mr  Leslie,  in 
which  two  air  thermometers  are  joined  together,  so  as  to 
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form  a  cm^ed  tobe,  with  a  baB  fit  eaoh  estreBiity,  repi«-> 
scnted  fig.  17.  The  elasticity  of  the  air  in  one  bull  exaccfy 
counterbalances  that  of  the  air  in  the  other,  and  the  tolunm 
of  cdoired  liquid  betweoi  thMi  nunakn  in  equiKbriuaa. 
But  when  one  ball  receives  he8t»  the  air  inclosed  in  it  be^ 
lag  expanded,  presses  more  fore^ly  on  this  Uquid,  catises 
it  to  deacebd  in  the  stem  connected  with  this  balii  and  to 
rise  in  the  <^er.  This  is  named  the  Difllbrential  Air 
Thermometer; 

^  The  thermometer  was  rendered  more  manageable^  and 
capaUe.of  more  ^ctensive  applicaticoi,  by  substituting  a  fi» 
quid  as  die  measure-of  eiqumsion,  and  inclosing  it  in  a  tube 
hermetically  aeaied*^  l^irit  of  wine  coloured;^  and  quidc- 
Mbrer^  ai*e  the  hqiuds  usually  employed  \  the  ktter  is  the 
roostaidcureie^  as  its  expansions  correspond  most  aocnrate- 
ly  with  increments  of  temperature,  and  b^g  less  Tokitile^ 
it  can  also  m^eaiHire  mneh  higher  temperatures:  the  former 
has  the  advahti^  of  indicating  lower  tempetatttres>  as  it 
does  not  congeal  even  at  very  intense  colds.  The  tnstru-> 
ment  Dfrith  elthef  is  a  glass  ball)  from  wUch  A  eylhidrieal 
stem  of  a  very  narrdw  diamet^  issues.  The  ball  is  filled 
with  the  liquid,  *  and  so  much  more  is  introduced,  thifit  it 
shall  stand  at  a  certain  height  in  the  stem,  the  open  ex- 
tremity of'  ithieh  is  afterwards  closed*  If  the  boll  of  the 
instrument, be ^ placed  in  ccmtact  with  a  hot  body,  it  re- 
ceives caloric,  the  liquid  wkbih  is  expanded,  end  rises  iii 
the  stem'^  Uie  rise  continuing  until  the  thermometrical  li- 
quid attain  the  temperature  of  the  matter  around  it^ 
When  in  contact  with  a  cold  body,  caloric  is  abstracted 
firom  it ;  the  Uquid  cbntracta  and  descends  in  the  stem  ^ 
and  by  a  scale  of  equal  parts  attach^  t6  the  stem,  the  rise 
and  Ml  of  the  liquid,  and  the  precise  point  at  which  it 
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stands^  which  indicates  of  course  ita  texnparaturei  are  as- 
certainedi  and  from  the  law  that  caloric  uniformly  diffuses 
itself  over  bodie^^  until  a  common  temperature  is  establish- 
ed, this  indicates  the  temperature  of  the  matter  in  contact 
with  the  ball  of  the  thermometer* 

A  difficulty  was  experienced  in  the  constrnction  of  the 
scale,  that  of  rendering  it  uniibrm,  so  that  <the  de^ees  on 
one  instrument  should  correspond  with  those  on  another. 
This  was  remedied  by  the  discovery  of  certain  fixed  points 
in  the  scale  of  temperature  always  the.  same,  and  finom 
which  the  scale  may  be  formed. .  The  points  usually  taken 
are  those  at  which  water  freezes,  and  at  which  It  boils.  If 
the  thermometer  be  immersed  in  freezing  water,  or  rather 
in  melting  snow  or  ice,  the  liquid  wilt  stand  at  a  pai^tica- 
lar  part  in  the  stem.  If  it  be  plunged  in  water  boiling 
under  a  mean  barometrical  pressure^  it  will  ribe  and  be-^ 
.come  stationary  at  another  part  ^  and  however  these  ^xpe* 
rim^ts  be  diversified,  the  liquid  will  always  be  stationary 
at. these  points.  Now,  it  is  obvibus,  that  the  ^ace  be* 
tween  them  may  be  divideu  into  any  number  of  degrees ; 
.  and  if  the  instrument  is  graduated  in  this  manner,  the  de- 
*  gjrees  in ,  every  thermometer,  if  the  same  number  be  ob- 
served, will  always  be  the  same  \  and  the  scale  also  may  be 
prolonged  in  each  by  similar  degrees  below  the  freezing 
point  of  water,  so  as  to  denote  low  temperatures,  and  above 
its  boiling  point  to  express  higher  temperatures. 

The  scale  thus  constructed  being  arbitrary,  different 
forms  of  it  have  been  introduced.  In  this  country  the 
sc^le  of  Fahrenheit,  a  German  artist,  is  used.  The  space 
between  the  freezing  and  boiling  points  of  water  be  di* 
vided  into  180  degrees;  but  instead  of  commencing  the 
numeration  of  its  degrees  at  the  lower  point,  the  freezing 
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of  water»  he  began  it  still  lower  in  the  scale  of  tempera- 
ture, or  at  that  degree  of  cold  which  is  pbtauied  from  a 
mixture  of  snow  or  salt.  The  space  between  this  and  the 
freezing  point  of  water,  when  divided  into  degrees,  suphas 
those  between  the  free2ing.  and  ike  boiling  points,  gives 
32  d^rees  ;  the  freezing  pcHUt  of  water,  therefore,  is  on 
this  scale  marked  32,  and' the  boiling  point  is  ISO  higher^ 
x>r212^ 

The  scale  of  Beaumur  is  rather  more  simple.  It  com- 
mences at  the  freezing  point  of  water, .  which  is  therefore 
marked  0,  or,  as  it  is  named,  zero.  The  space  between 
this  and  the  boiling  pc^nt  of  water  is  divided  into  80  de^ 
grees ;  the  latter  therefore  is  marked  the  80th  degree. 
More  lately  a  similar  scale,  formerly  in  use  in  Sweden, 
under  the  name  of  the  scale  of  Celsius,  has  been  intro* 
duced  in  France :  the  space  between  the  freezing  and  boil* 
ing  of  water  being  divided  into  100  degrees,  it  is  hence 
named  the  Centigrade  scale*  This  last  is  pelrhaps  the 
more  natural  division,  and  hence  some  of  the  chemists  of 
this  country  have  been  disposed  to  iEdopt  it  Fahrenheit's 
scale,  however,  arbitrary  as  it  is  in  its  construction,  has 
two  very  important  advantages :  its  degrees  are  much 
smaller /lian  those  of  the  others,  and  observations  with  it 

* 

are  therefore  more  minute ;  and  the  commencement  of  its 
numeration  being  low,  there  is  seldom  any  necessity  of  ex- 
pressing degrees  below  this:  we  avoid  therefore  the  ambi-» 
guity  of  negative  degrees.  If  a  new  scale, were  attempted^ 
we  might  find  one,  perhaps  uniting  evi&ry  advantage  in 
taking  the  frees^iqg  and  boilipg  points  of  quicksilver,  the 
usual  thermometrical  liquid,  as  those  from,  which  the  de- 
grees are  to  be  numbered,  dividing  the  space  between- 
them  into  1000  degrees.    The  division  would  .thus  be 
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more  tunple  than  that  of  Fahrenheit :  the  d^ees  woqM 
be  stin  imaQery  witbont  being  too  roach  so^fiMr  observaF- 
tion;  tibe  coflunencement  of  the  nameraticm  wodd  be  law* 
er,  and  woqU  correspond  nearly  with  the  lowest  natard 
temperatiire.  And  ahhougfa  the  scale  was  conatracted  ia 
relation  to  these  points,  the  actual  graduation  of  the  ther- 
anoroieter  might  be  executed  in  the  usual  manner,  from 
the  freezing  and  boiling  points  of  water,  it  being  onfy  ne<- 
cessary  to  determine  carefb%  with  what  numbers  on  the 
new  scale  these  points  correspond. 

Two  standard  points  being  fixed  in  all  these  scales,  it  is 
easy  to  establish  thdr  correspondence.  Each  degree  of 
Fdirenheit's  is  equal  to  |.ths  of  a  degree  of  Reaumur's. 
If,  therefore,  the  number  of  degrees  of  Fahrenheit's,  either 
above  or  heknw  the  freeing  point  of  water,  be  multiplied 
by  4  and  divided  by  9,  the  quotient  will  be  the  corre- 
sponding number  in  Reaumur^s  scale.  To  bring  those  of 
Reaumur's  to  Fahrenheit's,  they  must  be  multiplied  by  % 
and  divided  1:^^  4,  the  quotient  g^es  the  number  of  de« 
grees  of  Fahrenheit  either  above  or  belo^  the  freezing 
point*  'Each  degree  of  Fahrenheit's  scale  is  equal  to  ^hs 
of  a  degree  of  the  centigrade  scale :  to  find  the  correspon- 
dence, therefore,  these  numbers  are  to  be  used  as  in  the 
above  formula. 

In  employing  expansion  as  a  measure  of  temperatm^e, 
one  very  essential  point  is  to  be  determined,  before  the 
accuracy  of  the  method  can  be  admitted :  it  is  whether  the 
expansion-  imd  ccmtraction  correspond  exactly  with  reel 
increments  and  decrements  of  temperature.  If  a  thermc^ 
metric  liquid,  fr<mi  a  given  augmentation  of  tenq3erature^ 
say  10  degrees,  expand  more  at  one  part  of  the  scale  than 
^t  auother,  then  the  indications  from  its  changes  of  volume 
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omuKiQt  be  aoc^r^te.  ll)is  siil^eel  |)as  <^n  ^goged  the 
atikeiition  pf  cbemists*  wd  tlie  remit  of  their  ;c^$earohes  is, 
thut  tbe  dilfer^nt  theroiaiaetric^l  Uquidf  do  .tipt  expand 
uniformly  «sf  the  temperature  ris^s,  but  in  an  increasing 
ratiQ,  or  Gnm  a  givan  increment  of  tenqp^vature  tbey  suf* 
far  a  greater  expansion  at  a  higb  than  M  a  low  part  of  tbo^ 
apafe  of  heat.  The  expansions  of  quicksilver  are  most  re- 
gular, and  hence  it  gives  the  most  accurate  indications. 
Even  these  aise  not  perfectly  so»  hut  exceed  progressively, 
as  the  temperature  rises,  the  real  temperatures-  To  renr 
der  the  tb^mometer,  thi^pre,  perfectly  accurate*  the  de- 
grees <m  its  scale  ought  to  be  accommodated  to  the  pro- 
gpsessive  expansion  ^  but  there  is  stiD  some  ^degree  of  un- 
certainty as  to  the  amount  of  the  error,  and  from  the  mode 
in.  which  |he  scale  is  graduated,  its.itKtent  is  less  impor- 
t^t  i  as  the  two  extreme  points,  the  freezing  and  boiling 
of  water,  are  accurately  fixed,  and  the  amount  of  the  er- 
rpr,  from  the  progressive  expansion  ,b<&tween  these,  is  di« 
viied  among  the  intermediate  degrees.  It  is  greatest, 
therefore,  at  ttie  mean  degree ;  th^e  jt  is  equal,  according 
to  De  Luc,  to  3  degreea  of  Fahrenheit ;  according  to 
Crawford,  to  npt  more  than  one  degree. 

To  measure  very  high  temperatures,  other  methods 
must  be  employed.  An  ingenious  one  was  propos^  by 
Newton,  that  of  observing  the  tunes  of  cooling  in  a  body 
ifhich  has  been  at  a  high  heat,  until  the  temperature  to 
which  it  f^s  can 'be  ascertained  by  a  thermometer,  and 
inferring  what  the  temperature  must  have  been  from  the 
ilSBomption  that  the  times  being  taken  in  arithmetical  pro- 
gression^ the  decrements  of  temperature  are  in  geometrical 
progression.  Various  methods,  too,  of  applying  the  ex- 
pansions of  solids  to  this  purpose,  have  l^em  contrived. 
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furniihing  difi!?r«it  pyrometert.  But  the  mod«  which  has 
*  been  regarded  u  most  practicable  and  accurate  is  that  af-  • 
ibrded  by  die  pyrometer  of  Wedgwood.  This  is  foandad 
on  a  singular  proper^  belonging  to  day,  that  it  contracts 
instead  of  expanding  by  heat,  the  contractifm  remaaaing 
permanent  when  the  heat  is  withdrawn.  To  ap|dy  tbii>  a 
gage  is  employed,  Tormed  of  two  straight^  rods  of  brass, 
34  inches  long,  divided  so  as  to  form  a  scaje  into  inches, 
subdivided  into  tenths,  and  fixed  (w  a  brass  plate  so  as  to 
converge,  the  distance  between  them  being  fire-tenths  of 
an  inch  at  one  extremity,  and  three-tenlhs  at  the  otbo-.  A 
small  cylinder  of  clay  ii  framed,  so  that  after  it  has  been 
baked  by  a  moderate  beat,  it  enters  the  wide  end  of  the 
groove :  When  it  is  exposed  to  an  intense  heat,  it  is  con- 
tracted in  volume,  fl&d  of  course  enters  farther^  and  die 
.  degree  of  contraction,  and  consequently  the  degree  of  heat^ 
can  thus  be  estimated  by  the  scale.  The  commesc^nent 
of  this  scale  is  at  the  point  of  ignition  visible  in  day  light; 
which  corresponds,  according  to  Mr  Wedgwood's  esti- 
mate, with  10774.  of  Fahrenheit ;  and  each  degree  of  the 
scule  he  considers  as  equal  to  130  degrees  of  Fahrenheit's. 
'There  is  reason  to  doubt  if  this  pyrometer  is  accurate:  it  is 
n^t  ascertained  if  the  contractions  of  the  clay  are  equable> 
and  any  eiTor  from  this  source  is  not  guarded  against  by 
the  graduation  being  made  from  ceruin  fixed  points.  It 
is  useful,  however,  in  giving  cert^  stages  of.  temperature, 
marked  by  peculiar  effects. 

Since  the  employment  of  the  thermometer,  or  rather  of 
the  expansion  of  bodies  as  a  measure  of  their  temperature 
more  just  and  enlarged  views  have  been  acquired  of  the 
distribution  of  caloric.  While  the  properly  of  exciting 
thf  gei]sati9D  of  heat  was  th$  only  one  by  which  that 
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pcnv^er'was  cfaaracti^rized,  it  seemed  a  jttst  eonclusion^  that 
diose  bodies  which  did  not  excite  that  sensaticm  contained 
none  of  it ;  an  opinion)  the  f^laoy  of  which  is  now  easily 
demonstrated.    , 

Iliat  the  sensation  which  bodies  excite  is  nojust.indi' 
cation  of  the  qnantity  of  caloric  th^  contain,  is  evident 
from  this,  that  the.  power  of  exciting  the  sensation  depends 
merely  on  the  relative  temperature  of  the  body  applied^ 
tmd  of  the  sentient  organs.  When  the  fc»:mer  is  at  a 
higher  temperature,  it  gives  caloric  to  the  part  to  which  it 
is  applied,  and  tins  excites  the  sensation  of  heat,  r  when  of 

.  ia  lower  temperature,  it  abstracts  caloric,  and  this  gives 
rise  to  the  sensation  of  cold.  Sens^ons,  however,  are  in-* 
fluenced  by  preceding  impressions.  Our  body,  is  sur- 
rounded with 'an  air,  at  a  temperature  generally  inferior  to 
lihe  anitpa)  temperature,  ^vhich  is  therefore  always  abstract- 
ing caloric.  Hence  it  happens,  that  if  any  substance  is  ap^ 
plied  to  the  body  inferior  to  its  temperature,  but  superior 
to  the  temperature  of  the  surrounding  atmosphere,  the 
abstraction  of  caloric  which  it  produces  is  inconsiderable^ 
and,  compared  with  the  impression  which  the  air  makes 

^  upon  us,  it  seem?  positively  warm.  In  general,  therefore, 
it  may  be  affirmed,  that  whatever  communicates  caloric 
produces  the  sensation  of  heat,  and  that  whatever  abstracts 
it  has  an  opposite  effect;  but  this  abstraction  requires  to  be 
greater  than  that  made  by  the  surrounding  atmosphere,  in 
order  to  convey  to  us  the  sensation  of  positive  cold.  Dif« 
ferent  bodies  too,  at  the  same  temperature,  occasion  diffe- 
rent sensations,  according  to  the  rapidity  with  which  they 
abs(Mrb, ,  or  give^odt  caloric.  From  both  circumstances,  it 
is  evident,  that  the  sensation  excited  by  a  body  is  no  accu^ 
rate  measure  of  the  caloric  it  contains^  and  that  the  sensan 
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latton  of  ould  wil  be  euk»d  by  any  MibsCMoe  whose  tan- 
peratace  is  infierkar  to  ttiat  ci  the  mumal  body>.thoi^h  that 
flobttaiice  msy,  and  aetnally  does  coataia  a  lar|;e  quantity 
of  caloric. 

That  bodies  at  such  a  low  temperatiyre  coptdin  it^  if  evi- 
doit  from  the  £ict»  that  their  temperatures  can  be  farther 
rednoed,  and  their  volume  diminUbed>  and  it  is  ojuly  by  the 
abstractioQ  of  caloric  from  them  that  these  effects  can  be 
produced.  Even  at  the  most  intense  colds  there,  is  no 
reason  to  believe  that  bodies  are  near  to  bei9g  deprived  of 
their  caloric,  since  ev^i  then  their  particles  must  be  £ir 
from  being  in  actual  contain  $  and  it  is  only  by  the  rqiul- 
stve  power  of  caloric  that  these  particles  are  kept  asunder. 
This  afforda  a  more  esLt^isive  view  of  the  distribution  of 
this  power.  A  solid  body  is  to  b^  conceived  of  as  consist- 
ing of  a  number  of  particles  of  the  same  nature*  kept  at 
certain  distances  from  each  other  by  its  agency  or  inter- 
position :  when  a  portion  of  caloric  is  withdrawn*  these 
particles  approach  nearer  to  each  other;  and  h^ice  the 
diminution  of  volume  that  tak^s  place.  But  any  conden- 
sation hitherto  effected^  is  far  from  that  in  which  these 
particles  would  be  in  contact ;  nor  perhaps  is  such  a  con- 
densation possible. 

It  has  farther  been  established*  that  the  fluid  and  aeri- 
form states  of  bodies  are  owing  to  the  presence  of  caloric : 
l(nd  therefore,  as  many  liquidis  requir^to  be  e^cposed  to 
the  most  intense  cold  in  order  to  freeze  them ;  as  tjbere 
are  even  some  which  have  not  ye^ibeen  frozen ;  and  as 
the  greater  n^rober  of  the  airs  hav^not  heen  brought  even 
to  the  liquid  state,  it  is  evident  that  the  lowest  temperature 
which  has  been  produced  is  faj/distant  from  that  point  at 
which  caloric  would  )x  entir^  abstracted. 
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Caloric,  by  the  repukive  agency  k  exerts,  separates  the 
{ifkrtieles  o(^  bodies  from  eac^ 'other,  and  this  Operation,  ia 
progressive  stages,  gives  rise  to  the  three  general  ejects  oC 
Expulsion,  Fluidity,  and  Vaporization.  Besides  diese, 
when  a  body  is  heated  to  a  ceftain  point,  it  becomes  lu<- 
minous  :  this  state,  nam^  Ignition,  is  an  efiect  apparent- 
ly unconnected  with  the  others. 

Of  Espamion* 

When  the  temperature  of  a  body  is  raised,  its  volume 
is  enlarged  in  every  dimension ;  when  the  temperature  is 
Induced,  it  suffers  contraction ;  and  this  expansion  and 
contraction  are,  under  a  general  pmnt  of  view,  propor-^ 
dooal  in  eadi  body  to  the  caloric  communicated  or  ab- 
stracted. ^ 

The  expansion  from  a  given  augmentation  of  tempera- 
ture is  very  different  in  different  bodies.  Generally  speak- 
ing, it  is  greatest  in  those  which  are  most  tare,  and  which 
have  least  cohesion ;  hence,  it  is  very, considerable  in  aeri- 
form! fluids  ;  it  is  less  in  liquids,  and  is  still  less  in  solids. 

In  attending  to  the  results  more  minutely,  we  find  it  to 
be  'very  dilfisrent  in  different  solids,  as  for  example  in  the 
diflerent  metals  ;  and  in  these  differences,  little  relation 
is  to  be  discovered  between  the  expansibility  and  an^  phy- 
Mcal  or  chenucal  quality.  It  has  none  to  the  density ; 
and  the  only  property  with  which  it  can  be  connected  is 
die  fusibility ;  ^ose  which'  are  most  fiisible  suffering  the 
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greatest  expansion,  though  to  this  also  there  are  excep* 
tion$. 

In  liquids,  the  d^ees  of  expansion  from  the  same  ali- 
mentation of  temperature  are  not  kss  dissiinilar;  and  as 
their  expansibility  is  greater,  these  difierences  are  even 
more  conspicuous.  In  general,  those  liquids  that  are  most 
volatile  are  those  which  are  mqst  expansible.  Thus,  qnidt- 
silver  in  the  rise  of  temperature  frpm  50^  to  100^  of  Fah- 
renheit is  eiq[>an^ed  abou^  .^irr  o(  its  original  volume,  wa* 
ter  t4t»  ^^  spirit  of  wim^  ^. 

It  might  be  expected  that  a  similar  diversity  woul^  exkt 
in  the  expansions  of  aerial  fluids.  Instead  of  this,  it  appears 
to  be  established,  that  the  expansions  of  all  airs  are  the 
same,  from  the  same  augmentation  of  temperature.  This  has 
been  established  by  Dalton  and  Gay-Lu^sac ;  the  expan- 
sion, according  to  the  former,  amounting  in  all  of  them  to 
^  jy  of  the  volume,  for  each  degree  of  Fahrenheit ;  accoird- 
ing  to  the  latter,  7^.  The  apparent  difference^  which  had 
been  observed  in  preceding  experiment^  appear  to  bfive 
arisen  from  small  but  variable  quantities  of  water  being  pre^ 
sent,  which,  assuming  the  state  of  vapour,  added  to  the 
volume  of  the  aeriform  fluid. 

Another  important  fact  to  be  illustrated  with  r^ard  to 
expansion  is,  that  in  ^^lpy  bodies  it  is  progressiva  with  re* 
gard  to  temperature,  or  becomes  greater  as  the  tempera- 
ture rises.  Hence,  from  a  given  augmentation  of  tempe- 
rature, the  expansion  is  greater  at  a  high  than  at  a  low 
part  q(  the  scale  of  heat* . 

This  is  observed  particularly  in  liquids.  Dividing  the 
scale  of  temperature  between  32^  and  212^  into  two  equal 
portions,  the  expansion  in  the  higher  portion,  or  from  122^ 
to  2X2<'^  is  to  that  in  the  lower,  or  from  32  to  122,  in 
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q|lick8iLver^  as  15  to  14,Jii  dil  ds  15  to  IS,  in  Water  96Xxl^ 
ratted  with. 8dk  as  15  to  11.6,  and  in  alkohol  as  15  to  10.9^ 
In  all  these  the  expansibility  is  progressive,  though  in  each 
to  a  different  extent  The  progression  becomes  more  con- 
siderable too  as  the  temperature  is  higher,  or  rather  as  it 
ajqiroach^  dearer  to  the  boiling  point  of  the  liquid; 

Since  there  is  tliis  increasing  expansion  in  liquids,  it 
might  be  expected  that  it  would  also  be  found  in  aerial 
fluids.  .The  risversej  however,  appears  to  be  the  case.  The  ex- 
pansion w^  even  observed  by  Roy  and  Dalton  to  be  rather 
a  decreasing  one,  or  to  become  less  as  the>temp€!rature  rises. 
B4(  this  apparent  i:e^ult.  might  he  /iwing  to  the  mereUrial 
t^rmom^t^  not  being  perfectly  accurate,  but  indicating 
augmi^aition^.  of  temperature  in  the  higher  part  of  the- 
so^e  Iqss  than  the  real  augmentations  i  and  making  allow- 
ance for  this,  according  to  the  correction  of  De  Luc,  al- 
ready stated;  the  expansions  of  serial  fluids,  will  be  found' 
to  he  precisely  equable.  . 

These  apparently  anomalous  fisi^ts,  I  have  endeavoured 
to  CQUji^t;  and  explain  by  the  application  of  the  following 
principle:  Expfl^nsiou  is  not  to  be  considered  as  the  result 
mep^y  of  the  operation  of  ciJoric,  but  as  arising  from  this 
power  prevailing  so  far  over  the  force  of  cohesion,  ^hich, 
to  a  certain  degree,  always  counteracts  it  where  it  exists*? 
And  considering  it  under  this  point  of  view,  these  facts 
may  thus  be,  explained.     '  ,  *       ^ 

The  inferior  expansibi]jity  of  solids,  compared  with  that 
of  liquids,  must  be  referred  to  cohesion  being  exerted  in 
t]^  former  withsgreater  force , than  in  the  latter  i  and  the 
obstacle  to  tl^  expansive  energy  of  caloric  being  therefore 
more  considerable :  while  the  great  expansibility  of  aeri- 
form substances  is  owing  to  there  being  no  cohesion  between 
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tbeir  particles :  there  is  therefore  no  reaii^taiicei  And  ea« 
krgement  of  volume  is  prodoced,  fimited  only  bjr  the  pnHh 
sore  under  which  the  augmentation  cf  temperatare  acta. 

The  differenoe  in  the  expansions  of  diifereiit  solids  from 
the  same  rise  of  temperatorey  is  evidently  to  be  ascribed  to 
the  various  degrees  of  strength  with  which  cohesion  is  esc* 
erted  between  their  particles.  The  saine  cause  must  be 
assigned  for  the  differences  in  the  expansions  of  different 
liquids  $  for  although  in  these  cohesion  is  weak,  it  still  ex- 
ists to  a  certain  extent,  dii^ent  no  doubt  in  each.  The 
equability  in  the  expansions  of  aerial  substances,  mast,  in 
conformity  to  this  view,  be  ascribed  to  the  absence  of  Ae 
power  of  cohesion  :  there  is  in  all  of  them  no  resistance  to 
the  operation  of  caloric,  and  hence  the  expansion  must  be 
simply  in  proportion  to  the  rise  of  temperature,  and  maSt 
in  all  be  the  same^ 

Lastly,  the  uniformity  in  the  expansions  of  aerid  siA^ 
stances  with  regard  to  temperature,  while  the  expansiott 
of  liquids  is  progressive,  must  be  referred  to^the  same  cause. 
In  the  former,  expansion  is  the  effect  merely  of  the  ope- 
ration of  okloric,  imd  must  therefore  be  proportional  to  the 
augmentation  of  temperattife:  in  the  latter,  it  is  modified 
by  the  force  of  cohesion,  which  is  exerted  to  a  certain  ex- 
tent :  the  power  of  this  is  diminished  as  the  temperature- 
rises  ;  the  resistance  therefore  to  the  expansive  power  is  be- 
coming less,  and  hence  the  expansions  ipust  become  great* 
er.  It  follows  from  this  view,  that  in  solid  substances  the 
expansibility  ought  likewise  to  be  progressive  with  r^ard 
to  temperature.  The  fact  on  this  point  is  not  well  ascer<^ 
tained,  though  there  are  some  observations  which  appear 
to  prove  that  it  is  so.  And  as  the  force  of  cohesion  is  fso 
great  in  solids,  an  elevation  of  temperature,  even  to  a  con- 
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aiderable  exteatf  cm  have  less  effect  in  weakening  it:  hence 
the  progtessidn  may  be  so  inconsiderable,  that  in  the  smaU 
portion  of  the  scale  that  can  be  aceorateljr  meastired,  it  may 
hot  be  easily  ascertained* 

There  ranain  to  be  stated  some  exceptions  to  the  law^ 
that  expansion  is  prodtrced  by  the  communication  o^caloric* 

A  sttiking  exception  is  in  the  enlargement  of  volume 
that  accompanies  the  transition  of  bodies  from  the  liquid 
to  the  solid  foniD.    This  transition  is  occasioned  by  reduc* 
tion  of  temperature :  it  ought  therefore  to  be  attended  wkh 
diminution  of  volume,  or,  if  no  difiference  can  be  discovered 
betwieen  the  temperature  of  the  liquid,  and  that  of  the  so* 
lid  formed  from  it  at  the  moment  of  formation,  there  ought 
at  least  to  be  no  expansion.    Hie  expansion,  with  regard 
to  a  number  of  substances,  is  howevw  very  considerable* 
Water  in  ireeeing  exp^tnds  so  much  as  to  raise  a  consider* 
able  weight,  or  even  to  burst  metallic  vessels  in  which  it  is 
cdnfined.    This  has  been  supposed  to  arise  from  the  disen* 
gagement  by  fi^ee^ing  of  the  portion  of  air  which  water  holds 
joosely  dissolved :  but  it  takes  place  when  this  air  has  pre* 
viously  been  abstracted  as  much  as  possible,  by  the  action  of 
;ihe  an:  pump.     It  probably  depends,  according  to  the  hy- 
pothesis suggested  by  Mairan,  on  a  polarity  in  the  particles 
of  the  water,  or  a  disposition  to  unite  by  certain  sides  in 
preference  to  others.     It  b  accordingly  observed,  that  the 
^iculas  of  ice  shoot  out  at  a  certain  angle  y  and  in  conse-. 
qaenee  of  thib  arrangement  an  enlargement  of  volume  ihay 
be  produced.     The  same  phenomenon  is  displayed  by  some 
ilther  substances  in  their  congelation,  though  not  to  the 
same  extent  $  as  by  several  saline  solutionsi  sulphur,  sted 
among  the  metals  by  iron,  bfsmuth  and  antimony,  and  it 
is  no  doubt  to  be  deferred  to  a  similar  cause. 
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AsiDgular  phenomenon,  however,  pecu]jar»  asikr  as  has 
been  discovered,  to  water,  is  expansion,  not  only  in  the  actual 
process  of  congelation,  but  for  several  d^rees  previous  to 
the  point  at  which  the  congelation  commences,  and  of 
course  while  perfect  fluidity  remains.  If  water  be  cooled 
in  a  tube  adapted  to  render  sensible  its  changes  of  volume> 
it  contracts  as  the  temperature  is  reduced,  until  it  has  fall- 
en to  about  40  of  Fahrenheit's  scale ;  it  then  becomes  sta« 
tionary  :  if  cooled  fm'tber  it  expands,  and  continues  toex<* 
pand  in  an  increasing  ratio  until  it  free^.  I^  by  avoid* 
ing  agitation,  the  freezing  be  prevented  at  the  usual  tem- 
perature of  ''>2°9  and  the  \yater  be  cooled  lower  than  this^  ~ 
.  the  expansion  continues  to  proceed ;  it  has  been  cooled 
down  to  2Q,  and  even  to  10,  and  at  the  last  temperature  it 
had  expanded  as  much  as  it  would  have  done  had  the  tern* 
perature  been  raised  to  75.  The  same  property  is  dis- 
played wiben.tbe  freezing  point  of  the  water  has  been  low- 
ered, by  dissolving  certain  salts  in  it ;  and  in  this  case  .the 
expansion  commences  at  about  the  same  distance  from  the 
point  at  which  such  a  solution  freezes,  as  it  does  from  the 
usual  freezing  point  of  pure  water. 

This  property  of  water,  with  regard  to  expan^on,  had 
been  observed  at  an  early  peripd  ;  and  Hooke  suggested 
that  it  might  be  not  a  real,  but  only  an  apparent  anomaly^ 
depending -on  the  contraction  of  the  containing,  vessel* 
The  same  explanation  was  given  by  Mr  Dalton.  The  e^f-^ 
pansion  of  water  being  in  an  increasing  ratio  with  regard' 
to  temperature,  the  contractions  it  suffers  in  cooling  must 
always  be  becoming  less  as  the  temperature  falls.  They 
become  at  length  inferior  to  the  contraction  of  the  con* 
taining  vessel;  whence  apparent  expansion  will  takepllu;e» 
and  for  the  sa^ne  reason  this  will  appear  tQ  proceed  in  an 
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indteailBg  ratio  as  the  tenip&rature  fiJls,  It  has  bden 
fetody  what  appears  to  be  in  c(»iformi1y  to  this  yieir^  that 
the  apparent  ^expansion  commenoes  ai  ditS&ce$xt  {kmi^  of 
the  thenkom^trical  scale,  when  the  e9C|ierinient  is  made  m 
tubes  of  different  kinds^  appearing,  for  example,  at  ir 
higher,  part  <^  the  scale  in  a  metallic  tube  and  ball^  Ihioi 
m  ohe  of  glass,  the  contraction  which  the  m^tal,  waSbcB 
fixw  reduction  of  temperature  being  greiiter  thah  that  of 
Ihe  glass. 

Thfs  reality  of  this  property  in  water  has  be^  establish* 
ed^  howevi^,  by  Dr  Hqpe^  by  a  series  bf  experiiraehts  exe- 
oated  in  a  manner  in  which  this  source  of  fallafcy  can  havfe 
no  efik^t;  Thermometers  being  placed  near  the  bottom 
and  top  of  a  cylindrical  jar  containing  water,  he  obserred^ 
that  in'  cdoling  water  until  it  arrived  at  40%  the  under 
therfaiomieter  always  incUcated  the  lower  teniieratttre  $  but 
in  cooling  It  below  40^  the  reverse  took  place,  the  thermeM- 
mieter  at  th^  surface. indicating  the  lower  tehipenitui'ei-^» 
decisive  proof,  that  in  cooling  below  this  point  water  ex- 
pahds,  bciooines  tl^eibre  Mgfater,'  arid  asd^ds.  Qr^  in  r|^ 
vemtg  the  experim^H,  by  commimicating  heat  Id  trfator 
which  hiad  been  cooled  dowh  to  32^  the  tbermdmeter^  at 
the  Ix^ttom  was  fdways  higher  in  temperaiture  than  that  to'> 
yfiidB  the  surfalce;  the  water  s&  it  became  heatCd  conthHet^ 
ing  ahd  fsSing  doM^,  This  coiitinued  lintil  the  teibpera^ 
ture  rose  to  Sd^»j  then  the  arrangement  wasretersed,  and 
the  warmer  water  abov^  this  appeared  at  the  ^urfiice.  It 
is  dbvions  tfaa£  these  experiments  are  liable  to  i^o  faUaejr 
from  the-CGOitraction  or  expansioli  of  the  tontaining  vetU 
sefj  since,  whatever  this  be^  it  nmst  have  operated  eqtiaHy 
on  the  whole  cokimn  of  water,  and  they  fuUy  estabfish.  tb^ 
existence  of  th\s  peculiar  anomaly  in  water. 
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Ciin  any  cause  be  ass^ned  for  this  peculiarity  ?  Blagden 
suggested,  that  that  polarity,  or  peculiar  exertion  of  the 
attraction  bf  cohesion  which  unites  the  particles  of  water 
m  a  determinate  mannet  io  congdation,  may  begin  to 
operate  sipme  degrees  above  the  point  at  which  the  actuiU 
scdidification  takes  place,  «nd  give  rise  to  enlargement  p£ 
¥oIume«  There  is  reason  to  belteve  that  this  even  hap<^ 
pens  with  regard  to  some  other  substances  which  expand 
in  becoming  solid.  Thus,  if  pieces  of  solid  iron  are  thrown 
into  melted  iron,  they  at  first  float,  from  the  greater  den- 
sity of  the  iron  in  the  liquid  state  ^  but  in  proportion  ju 
tbey  melt,  they  sink,  probably  from  the  temperature  of  the 
liquid  iron  being  reduced  by  their  fusion,  and  from  this  re* 
duction  being  accompanied  with  expansion. 

There  is  one  other  exception  to  the  law  that  bodies  are 
expanded. by  the  action  of  caloric;  it  is  that  exhibited  by 
clay  and  the  pure  earth,  argil,  whiph  is  its  base>  which, 
when  heated  above  ignition,  contracts  instead  .of  expand*, 
ing  as  the  temperature  is  raised,  the  contraction  remain-, 
ing  permanent  when  the  temperature  is  reduced.  ''  .  This 
might  be  supposed  to  depend  on  the  dissipation  of  volatile 
matter ;  but  the  reverse  of  this  is  established  by  the  dr-^ 
cnmstanee,  that  beyond  a  certain  heat  there  is  no  loss  of 
weight)  though  the  contraction  continues  to  proceed  far 
beyond  this..   It  is  probably  owing  to  the  exertion  'of  the 
attraction  of  cohesion,  being  &voured]  by  the  high  tempe- . 
lature,  in  consequence  of  which,  the  particles  composing 
the  mass  enter  ihto  closer  aggregation  ;  and  accordingly, : 
what  is  in  conformity  to  this  view,  a  degree  of  hardness  is  . 
4a{%uired,  greater  as  the  heat  has  been  more  intense.     Sir 
James  Hall  observed,  that  a  similar  contraction  takes  place 
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iti  chaSc  hefited  under  ebrnpression,  aii4  this  i»  aCxK^m^ 
nied  With  incf eaki  of  Wrdne&sJ  "•'  '    -^        ■  ■    ; 


(  w" 


:/  '      ..    O/Midditi^.  ; ,.   ,  :       s 

"  When  ft  ^id  bUbstanee  is  heated-td  a  teitam  tempera* 
tm^^'the.fbtliie'of  tohesimi  between  iu  particles  is  so  far 
diminished,  or  i&  so  pectsliarly  modifiedi  that'  its  pi^s  are 
tdoyed  easily  lirith  regard  to  each  other^  or  it  passes  into 
1%c  fluid'fblrin.  ■  By  a  reduction  of  teaiperaturei  the  pari 
tietesiir^r  again  united  so.  as  to  be  subtrersive  of.  this  moln- 
&ty,^or  the  ti6dy  feturiis  to  the  solid  state.  These'chatige^ 
of  fornr,  'therefore,'  may  be  regarded. as  depending  .on 
the  jr^altive  Action  of  caloric,  ;and  of  the  force  bf  cohesion; 
-^Wtere  cohesion  only  exerted,  the  particles  of  -alt  bodies 
#buld  bie^  closely  united,  and  all  ^ould  exist  in  the  state  of 
gl'eatest  deiisity  and  solidity.  But  this  is  eo^nteracted  by 
the  r^eput^ve  agency  of  caloric,  which,  wh^  in  suflBdeni 
intensity,  counteracts  or  modifies  the  cohesive  attractaon  so 
ifkr  an  t6  produce  fluidity^  V^- 

This  effect  does  not  depend,  as  hds  often  been  a^sumed/ 
'  itierely  on  the  force  of  cohesion  being  weakened,  but  ra* 
ther.  on  its  action  being  so  far  [^modified,  as  to  give  risie  tb^ 
a  different  ^rangement  of  the  particles  in  flui^fy,  frorn^ 
that  which  prevails  in  the  sdid  state.  Cohesion  remAte» 
in  the  fluid,  and  it  is  not  easy  to  determine  to^  what  es^ 
tedt  I  fof  the  mobility  characteristic  of  fluidity  may  be  ac- 
counted for  on  the  supposition,  that  the  muUial  action  of 
its  particles  is  equal 'in  every  direction  at  the  san\e  dis- 
tahccy  though  a  strong  force  of  cohesion  may  be  exerted^ 
between  them.  And  that  a  peculiar  arrangement  of  the 
particles  does  take  place  in  the  -transition  of  form,  '■  is 
proved  by  ^e  facts,  with  regard'  to  the  expani^on  bodies 
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sitfEer  10  b«tQmingJM3iU^9«»^£ictft  iQcwdisteiit  witb  ^  sup* 
position  that  fluidity  depends  vrntely  on  a  4MilinUti<ili  in  the 
power  of  cohesion*  This  peculiar  arrangement,  however, 
depends  on  the  opcratioD  of  caloric  separating  the  psati.^ 

c^lQ.«^iMw.  di^wce{^.;Mld.;aJl)Qwipg.tlie$0  xiW^ 
In. tb^i?:  i9«(l^  ftptkiP^;  IQ  .be.^stobi^Ji^.;  Rij^ty  is,  tji^e- 
fel^  ^tffipt^  wd.iflvarja^}|f  Jhexeasuk  of  t^^  .^f?rtioa  4i^ 
t^i€(p(»iiE^^  9134  PQ  baiy  fian  b^sj^W  tprl^  mofi^  Bfift^r^ 
lK»iid  ^  ^d  Aftft.  ^rtptkerA  fc  poiBtfon  teigq^^,  jjHr 
*H^*;  th*p0.i)ci^ii5^  which  ^ri^  l^^i^  9(1  jwodef^e  u^m^ 

teB^i^9t««sirtl,,  ai:^  i5^(J,  to  he:  Ay)«m  ic^  i^^^eig^Ifd  w,bf )|l 
thQT  l?^^^Rp# .  so^, !  4^4  tbps^.  ^l|i(fb  w^  mi9^j  ^^M  ^^ 
§fti4  t^  j;)&.ii^j$^  m\im  ib^y  h^m  Imn  rmi^^.  M%w^ 

4bi§,  djist^tiijii  is  T^r^  r^lfttiye^  j^ftdi  4^p§|id§:<SI  ife^ 
d^^iQBl  imf^siime%  a]L  which,  itom  ihe  ^9^n^  ii^gf^^ 
p£9^mwil^  which. cphesioii  is  es^eirtcdi  these '^H^/^affieaih 

Though  every  substance  would  ut^^f^go  tb^  cl^^i^e  of 
4^|^|y  %Qii^  ^  mm^  (^hm$  it  oft^  h^pp^^  Msitfc  re- 
gM<i  » ,4)pppou^  i^ubeNlK^ies,  t^at  th^y  ^r§  ^epon)p0se4 
^  9  k>Wf¥  %efXi^r^^W0  jlfean  that  whi^h  ift  Bcjci^ssary  ft 
^ttbewi..  .girt:ifthi^fiepojnpqsitiiw  be  ppr^^nte^,  tfeiejf 
jl^beiwedv  This.  isjBeH  ^enjplifiiB(J  i^.tbe  fa?ion  qf 
QJ$^  oxim^^mf^$-ky  hi^t  a|jpB<ed  upder^^h  .^  ippmpifes^ 
sm^,  ais  pev^AU  .^be  dis^prtig^pi?  the  ae»?iaj  H^^t^r"  whtfsii 
qi>tefs  i«tto  tfjj^-cQjpt^Qsition  ^-tbese  sutet^ftcfs;  mi  m. 
this  c^,  ihe  »eml.fegf«^i^n|sfiejn?^Q  sh*re  its  facility  of 
beipg  ©pted  oDt.by  cdlotuft  trith;  A^  solid  ingredieBfe.aBd.tP? 
CQi9iiE»iiift^etokgreatier  fudbilMt^*.  .  .  ^ 

Fluidity  di&rs  from  e:!^p»n^pn  in  th^  tmum^tBxic^  tl)gtf 
iik  Wt,  pwfftimye,  hm  t^e«  pJN:^  ^inJdi^lJjr^  and.iM^  a^ 
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pYdd9vt«bi]^e3^t»fe(<tl«e  sdid  ev^a  M  one  degree  Idwetf 
tbfta  its  mdt^  f^piAit  llaving  bo  bp^se^aasce  dehoting  fl|H 
j^Oflehvii^lhfaelkctiob^  and!  tlie  liquid  at  as  smdl  a  iH* 
tmc9  fifmk  its  freiitiiv^  fwiivt  Teliaimitg  appiurendy  ufaiin^ 
pfiit^  l»  ch^rattdi^stiii  debi%.  This;  howercar^  ii  IM 
iiniTersal,  tlmte^  beifig  ^ame  stXhsimcBs ' wliiob'  pass^  through 
iA  iffteimediatir^tage  of  >>ii»ies»  and  viscidity,  of  lattch 
we  daft,  eten  idiiyl^  fftt!msft>iid  nha^/      '  ■ 

Tl!ife  proi^di^  of  ete^hgekiftion  19  iiiflttenised  fay  oertoi^  ^ir^ 
ctiUftst^Ht^  b^6Jd^  '&id  r^6d4d;ioli  of  tetnpdratiir^.  If  agi* 
tation  be  avoided^  a  liquid  may  be  cooledia  niimbev  cxf  de» 
.grees  below  the  temperature  at  which  it  usually  becomes 
solidi  without  congeaBng;  water j  for  example^  can  thus 
be  cooleif^sily  to  £8^i'Oi^  8^**  i  it  hasbeaa  cocked  er^  to 
15"*  or  10^;  but  th^  moaofent  it  ir  agitated  wbetithuft'oool^ 
ed,  congelatiiMa  talbes  plc^  atid:the  temperature  riscliM 
the  ttsti*)^  fi*e€^iTg  points  The  kind  of  agitation  whifh  bfis 
^s  efSsc^^  is  mtli^r  thai  whkh  pvoduces^a  yibraticmauniirt!^ 
the  p&rlicfes  of  the  Kquid  than  thaJI  which  mcfvesrihe  wfaoSf 
i^h^s^-  Another  cireumstaikiii^,  witioh  has  a^  inqyortant'lik^ 
finetHi^  6n  eongelatic^^  i^  the' presence  of  loiKie  particles  ef 
ffolid  ittfltt^r^  and  eg^eci(S(%  of  the  same  kind  of  matter  wi& 
that  which  is  to  be' <}cnpgiefiled :  thus  the  mthxMcfion-  of 
the  liititdliBKs^  patticle  of  itb  iUto  water  cdoled^  ev^  ^  little 
b^hw  2^S^f  cmm  it  ^tantfly  to  freeze. 

Thin  i^l^^tte^  of  th&k  ^remn^nee^  is  to  be  eiqol^ined 
1^  eon^erii^^  coligektidn  d»  d  s^les  of  cryslaMi2s«tioii 
saMnj^  ftbitv  thi^  p&)^ic)e^  ot  the  Itqtijd  fmitin^.  in  n  de^^ 
nsinate  meA^iAet.  -  Mp^  reducfioii  of  temperature  .causes 
the  particles  of  the  liquid  to  approach ^ki  dikt^red&a 
lea^t  fi^pUrabld  to  the  exerti<»l  of  that  modified  aitraction 
by  whieh '  tl|f6y  are  to  be  unl<;ed  in  the  spUdv    Agitation^ 
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by  tUe  varioos  motions  it  impresses  on  the  partSckSf  places 
some  of  them  in  that  direction  in  wliicfa  they  are  more 
disposed  to  umte;  and  a  solid  partidei  of  rather  a  smvSi. 
solid. ciaiss,  awards  a  aur&ce  whence  attraction  can  be  eK-* 
ertcd  withr  more .  eflect,  and  which,  when  it  does  com- 
mence, will  proceed  rapidly  through  the  whole. 
'  Dnr^.liquefactidn,  a  quantify  of  caloric  is  abs<^4)ed 
without  producing  elevation  of  temperature, — ui  impor-r 
taht{dienome^o9i  more  strictly  connected  with  another  p&rt 
of  the  history  of  caloric,  and  which  is  therefore  to  be  after* 
wards  considered^ 


.      Of  Vaporization. 

•  Thb  term  Vaporization  is  applied  to  denote  that  change 
in  which  a  body  passes  into  the  form  of  vapour  or  air.  It 
is  the  immediate  effect  of  the  action  of  caloric.  The  ex- 
pansive aiergy  of  this  power,  acting  oh  a  solid  or  liquid, 
separates  the  particles  to  greater  distances,  until  the  force 
cfcofaesicm  progressively  weakened  is  entirely  overcome, 
a^  a  repulsion  is  established  between  the  particles.  These 
receding  from  each  other,  the  body  becomes  extremely 
rare,  and  highly  elastic,  and  thus  passes  into  what  is 
named  the  Aeriform  or  Gaseous  State. 

Ill  general,  bodies  pass  into  this  state  from  the  liquid 
form,  and  there  is  often  a  considerable  range  of  tempera?-; 
iure  between  the  two  stages  at  which  .these  changes  of 
form  happen.  In  some  cases,  however,  solids  pass  into; 
the  state  of  vapour  without  becoming  previously  liquid, 
though  if  their  vaporization  be  presented  by  pressure*  they 
suff^E  liquefaction- 

.  Elasticity,  or  the  capability  oS  being  reducisd  by  pressure 
into  a  smaller  volume,  and  of  expanding  \yhen  t|iat  pres- 


OF  CALORIC.  lOS 

sHreis  remoyed,  h  the  <distiagaidi]iig:  pcGp&Ay  of  boiiiciiBi 
exUttfig  in  this  state.  Th&y  all  possiess  it  id  ia  high  degree. 
A  moderate  ccMinpre^sioii  si^siblj  rtducea  dbeir  voIaDie  v;  ^ 
abstraction  of.extetoal  pTre^re  is;&lla^edi)y  a.great  c^ 
gree  of  expansion.  This,  elasticity}  to0»  is  much  ii)cr^a$i9d 
by  the  farther  opecatiiNiL  of-cajorici  h^nce,  moder^e 
changes  of  tenq>eraturein  the.  aeriforii^^  fluids  ar^  acepm-* 
panied  with  considemble^c^lmgeB  of  ^ohiine^  and^iuiider  hjgh 
teoiperatores  they  beooiQe .  inechanic^  ageotts;  of  great 
power,  from  the  elastic  forqs  tliey  exert  , 

Rarity  is  another  propei^ty  ch^acteristiic  of  this  Jbrm» 
The  particles  are  s^arated  to  mA  <dist90te8, ,  that  ^tl^e 
imrtion  of  gravitating  mattj^r  in  a  given  v<4u.me  is  compa^ 
riatively  small./  So  few:  rays  of  light,  too»  are  reflected}  that 
,]io  impressi(»3i  is, made  on  the  origan  of  visiopi  i  hetu^  bo- 
ilies  in  this  state  are  invisiUe}  except  injjbe^acan^ple.of 
^one  or  two  dastic  fiuidsf  which  are  difittinguished  Iff  pecu- 
liar colptir,  or  where,  a&'Jn  the  atmosphere,  ^om  the  larger 
ness  of  the  mass,  some  tint,  of  colour  is.dJspUiyed*  The^ 
vapours  in  condensing  lose  their  transpareocy,  from  the 
union  of  their  partlcleii  jnto  minute^  glohules*  A  law  with 
regard  to  the  density  of  aerial  fluids^  in  relation. tp  the  vo- 
latility of  the  substances  of  w^cb  they  are  form^  in  their 
liquid  or  solid  sta(e,  has  been  pointed  out  by  T.  Saus^ure, 
-rrtbat  the  deasiiy  is  ii^  the.dir^t  ratio  of  the  volatility, 
the  vapour  of  ether,  fores^ample,  being  more  dense  than 
dtat  of  ia^obol,  tho>;igh  the.  ether  is  more  volatile,  and  the 
vapour^of.  alkohol.  being  more  dense  t^]a  that  of  wateiv 
thongfa  the  alkoliol  is  more  volatile  than,  the  wat^. 
r  ;The  Jemperature  a^  vhifdi  different  bodies^ super  this 
change  .pf>. form  is  extremely  various. .  Son^e  require  a 
-tfC^per^ture.  :compar4tiy:ely  high,  and  henp^  usually  exi^t 
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m  the  liqpiid  or  sdidstals.  Of  theie  some  reqtum  even  ^a 
inttiise  ke^:  Amb  are  aamed  Fixed>  m  eoDtnidistMctiMi 
10  those  ivlikb  jore  more  eiusSy  converted  into  viqpmr^  and 
wbi<^  are  henoe  dcaoiaiimted  Volatife»  Tbere  are  sdB 
others  ivhicji  pass  into'thik  fisvm  at  temperatures  so  low^ 
that  ^fBii  Ae  ^eatest  coid  which  we  can  dipfiy  is  insuffi*' 
dent  to'conAnise  tkem  into  the  Uquid  fomu 

Snbsl^foea  vthkk  assame  the  elastte  fiaoriD  at  teiaperar 
tare^  sO'  low  t^  this,  being  inoondedsiUe  bydie  methods 
ve  can  employ,  are  cMsideeed  as  pennanoidy  ekstic  ]|i 
die  kiBgaage  of  modem  chemliftry)  they  are  named  Airs 
Or^Basesj^F-^heise  two  terms,  strictly  speaking,  being  syno>- 
nymous,  dioiigh  fh&  term  Air  is  also  sometimes  used  not 
in  a  gaoerie  sense^lmt  ia^ippUed  qieeifically  to  that  elasdc 
fluid  which  forms  the  atmoqiheve.  Sdbstanee^  agaiob 
whieh  exiBti%theel&stiof<Nrm,  btttwhicbrfequiTixi|(  ahi^ 
taanpetatare  tamaintma-  their  efestidlr)^  caa  be  easily  cqs^* 
d^sed,  are  named  Vi^iours»  The  state  m  winch  eadi 
lexjsts  h^  prectseiythe  saae»  and-die  ^tinctbiris  only'' re- 
hrtive,  referring  to  the  temperatore  at  whieh  it  ia  assaajed. 

A  different  inew  has  sometimes,  howeveB,  been  taken  of 
Ais  subjects  The  aeriform  state  ha«  heen  considewd  as 
natural  or  essential  to  some  hodies;  and  when  thiscpiniQik 
was  ex^oded^  and  the  prisjciple  established,  that  this  state 
UBiformty  depends  en  tke  aetloft  of  eelomc^  still  it  was 
supposed  that  in  the  gasesp  or  those  posacssed  of  perma- 
nent ekaticity,  the  combination  <^cak>ric  is  moreintimatie 
^Aan  in  &e  vapours  whidi  are  more  easily  condeneed. 
Tho^  are  no  grounds  for  this  opinion.  The  difl^bience 
obviously  depends, on  the  temperature  at  which- the ^state  is 
produced*  If  a  body  require  a*  high  temperature  toi^ecome 
elastic,  it  will  of  course  remaio  so  oidy  while  that  teinpe- 


nAiirer?is  kq^  iq>  r  and  when  Ifab  n  rcdncad>  K  willintem 
jto  the  liquid'or  scAd  fbrnL  But}  if  the  dbuilic'  state  k  »4 
miB0d  at  a  tempierslaTe.  kxwer  than^ '  any:  nataral^  :oiie,'  of 
thaa  what'CftiY  be  resEcbad  I7  ariificial  ammgttdieQts^r  &^ 
body  will  appear  ]DerfB«iiieiitl^'eIs^  it  oeeim^iqi-i|a* 
tare)  and  if  dia^ngtiged  from  cosbi^iMtioiis^  iii^'Sirhiicb  it 
«Kitts,  it  wiU  instantly  assMse  tfast  slater  cad  will  sot  be 
obtamed' Jnttiated  in  any  otbtT^  iCwgtex'i  fmitead  of  re^ 
<|{tif in{g  a  tejWpBtBt&fe  ol  21^?'  toamrert  kkd^  <r^pcniQ 
)»a£feiiefdl&at  chaage^at  200^  befew4liof  Fahrenbeit^  iti  woaid 
n^ays  faav^  appeared  to  as  as  d  peraianei^y  elaide  fimd, 
ffiiil  perfectly  a^albgoaa,  .6^  far  9s  nqgairda  ita  aiec&e^al ' 
|^4gipertieS)'to  atnrosph^iie  rir.  * 

lliiat  lld»  |>r^peirty  ^  pemmtieat  elasticify  is  merdy  re-> 
iiifiVe^  is  well  e^tabfisb^  by  ^  coadensatsDa  of  B&ferai  of 
^the  gases^  as  they  haiEe  asaally  been  eonisidered,  h«mig 
heen  elected  by  the  applieatiaa  of  intense  cold,  aided' t^ 
istrong  pressinre. 

On  these  views  is  established  the  chemical  nomenclative 
o#ihe  permanently  elastic  tkarik*  Bekg  regarded  as  com- 
posed bf  solM  or  gvai^itatiag  maM^  oxistiBg  ia  Ais  fyrm^ 
-^e  genetic' tenff  OalB  i^  applied  to  denote  die  ibfm  itself 
^<f 'a  pecnlmr  iianffc^  ieasttigiledtO'thesdid'base'O^eaek. 
Thtts,  thare  is  one  elastidBnid  ilanied  Oxygen  6ae^.  this 
phrase  Is  app&ed  ibit  ctis  it  di^is^  ia  the  aSrii&l  ibm^,  and 
the  fenfr  Ch^gen'  is  appropriated  to^  its  gravitating  matted. 
This  matter  cannot  be  obtaittetf^soUdln  an  insalated  state, 
tOwfVig  to  di^  pi^culiar  irektion  it  Has  to  caloric,  bat  it  exists 
dSiifct^te  ill  ihiEiby  combinations^  and  it  is  Only  when  d»en- 
'  gaged'  that  it  assames"  the  elkstic  Hcarn}.  lie  afinities  of 
oxygen  gas  and  its  specific  properties  are  of  cotwse  cow- 
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adcraLas  dcooidibff  on  tliii  base.    The 

tare  it  appliedl  to  all  £he  |>ertnanfnriy  daitic  flaids. 

TWtmuition  of  bodiooitothefltateflf  Tapooris 
inflaaioed  bj  mahanieaiprtmatef  iriikli^  rmiuf ing  eapan- 
•ioDt  oonoteracCs  thai  £nIameiiM9Btof  the  iiyftftfM*fl  bttacm 
the  paitieiet  at.a^di  aAeme  attntuaa  oeases  lo  be 
exert6(L  Hence  die  rmxiatkms  in  tbe  boi&ng  point  of  li- 
quids^  acoordiiig  to  the  preasore  under,  which  heat  is  ap- 
plied to  them.  Waters  onder  the  nanal  ateospberie  pre»r 
uurer  boiif  at  212^;  when  that  preswre  i»  wiljui^nrii  to  a 
great  extent,  it  boik  at  180^ :  iff  im.  the  ttnUtwfjs  it  he 
heated  under  incieased  pressure,  its  temperatBre  may  be 
much  elevated ;  in  a  metallic  Tessel  it  has  hem  heated  even 
to  400^,  and  has  still  remain^  in  the  liqokl  fonn«  Hence 
too,  imder  ^n  ^dre  absence  <4  pre$sfmre,  every  liquid  evsr 
pcNratesj.the  quantity  being  less  as  it  id  less  yohitile.  £v^ 
qoid^lyerr,  which  is  one  of  the  least  vdlatile,  there  is  rea^ 
son  to  believe  passes  into  vnpoar  in  the  Tonripelliaa  Yf^ 
pium; 

Tbe  transition  into  viqumr  is.  dq>end^t  thus  ultimately 
,C0.tempi^rature,  but  it  is  akso  influenced  l^  picemare ;  and 
in  tbos^  cases,  where  a  high  ten^rature  is  required^  the 
chaing^.i«Jipt, limited. to  one  point,  b9t  t^kes:. place  more 
pt  Jess  considerably  through  aconsiderab^  rai^,  less  be-  j 

ing  farmed  as*  the  ten^r^tnre  is  low,  and  less  too  as  tbe  ' 

pressure  is  gne^ter.     l|e9Qe  the  quantity  of  vqaour  whkh  | 

rise^  from  ^  liquid  is  vej^y  y^iable  n^dear  these  circumstances* 
Mr  jDaltoD,  from  an  experimental  ipyestigatipn,.  foun^, 

•  '  I 

that  tbe  vapour  rising  from  water,  t^id.  refnaining  in  cop*  i 

tact  with  it  at  the  temperature  of  212.°,,sustinas.^  column  j 

of  mercur}'  30  inches  in.hejgbt,  or,  u^der  these  circnm*  { 
stances,  such  a  quantity  of  vapour  is  formed  as  exerts  this 
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fe#cet  ^  V2^^  Of  the  meaahe/t^€m^ii  taid  S^,  it  sns^ 
t&ins  a  Gotesltieqtia^  to  S.5  iiichee/  ftiidt  at  52  it  k  eqpial  to 
.02' indies.  He  :&r^er  in?e6l»giated  the  elastic  ^rces  of 
thi^  vapours  from  otfaerliquids,  th^se^ctf  course  being  great- 
er as  the  h'qikid  is  niprie  volntile  ^'  and  irom  these  researches 
be  concluded,  that  **  the  fierce -of  ya{^UFi&am  alHiguids  is 
the  same  at  eqeal  distanoeSjaboteorbelovrthesencemltem- 
perlitures  at^wbidl  th^y  boil  in  the  open' air ;"  so  that  the 
forces  being  known  with  regard  to  one  ^bstaRcevand-the^ 
temperatures  at  whiieh  others  boil  being  ascendned,  cchh-I 
pared  with  thia^  the  vapetur  fonxted  &om,  eAch^  Measured 
by  its  elasticity,  may  be  dacbi^ered.  More  lately  he  .ha&' 
inferred,  that  all  vapours  in  contact  with,  their  respective 
liquids,  if  these  arelKnnogddeoitSf  mcr^eae in. dastio  force 
in  geometrical  progression  to  the  temperature  j:  the  tempe-^ 
rature,  however,  being  measured  by  a  scale,  divided  op  the 
principle,  that  the  expansion  ^f^be  thermometrical  fluid  is 
as  the  square  of  the  temperature  from  its  freezing  point,— 
a  conclusion  of  conrse  resting  oir  the  truth  of  this  assump- 
t&in.  Theinereated.  elasticity  of  3team  in.  qemtaf t  with 
lire  liquid  afihrdisigit,  as<  the  t^aperature  risds,  h  dwing  to 
a  larger  quantity  ;df  liquid  passiug  into  that  stale,  and  oS 
course  und^  a  given  pre^sam.to  the  steam  being  more 
dense  at  a  high  tlmt  at  a  jiow- temperature*.      .      » 

The  volatiKty  ofa  body  miayibe  rjeprtesed<by  tho  affinity 
exerted  to  it  by  a  fixed  substanc$^  eVen  thmgh  this  affinity 
isiiot  strong;  -  rllbus  the  boiUi^  point  of  water  is  rmsed 
by  a'salt  being  dissolved  in  it.  ..  ,  • 
t  Tl^<trahsition  of  iub^taijces  to  tbestat^  of  ;vapottr.ap-^ 
pcars^io  be  conaideu^ably.  iuflueiKiied  (by  a  e^reiit^of  air^  r  If 
a  liquid  be  heated- moderately  iq  a  ves^^  ln^ving  an,  imper- 
fect commonicalioB  with  thie  atiposph^e)  it  eyapprate$  libsd 
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i^)ee(Uly .  than  if  Stei^  exposed  to  the  air ;  or  if  an  ^lastie 
fluid  13  disenga]^  slowly  IcQif  cbemical  ae|ifa>>;ite'fi'ee  esci^ 
U  necessary  to  its  £all  evolution.  Gay-^Ltio^aic  has  £«rtber 
shewn,  that  a  number  of  bodjieS)  the  motevtikiUSi^  ni0tal9  for 
example,  may  be  expoted.  to  a  high  de^e  of  heat  in  a  co« 
,  vered  cnk^ible^  vUihout  vapours  esicaipmg  by  th&  sides  of  the 
cover,  wbila  they  arise  cqpiansly  if  the  cov^  is  i^emoved* 
This  resuk  may  be.  owing  in  part  to  the  trjUi^tien  of  a  bo- 
dy into  vapoisr  fating  more  prevented  by  An^  pressure  of 
its  own  v^mar,  than  by  tife  pressure  of  ai]|y  other  elastic 
fluid,- and  partly  pediaps  to  the  cheraical  actioti  cbcerted  by 
the  air  on  the  body  evaporating. 

An  absorption  bi  caloric,  producing  no  augmentat^m  of 
temperature,  atttNsds  vaporiaatscai,  aa  v^eH  as  liquefaction, 
•r-an  impor  tact  {general  feet^  to  bp  afterwards  coosideaed. 


Vtum  the  diflTjprent!  tendencies  which  bodies  hayetopas& 
into  vapour^  wa  are  enabled  to  separate  themr  from  each 
other  what  they  have  beon  combjaed,  or  when  they  be? 
aome  prodaeta  ai  chemical  acdooD ;  and  ptacniiar,  arrange-^ 
ments  being  iieq^ite.  fcari  tUa  fmrposa,  constitute  several 
chemical  operationavehiaiveSovaporiaaftioa^tbe'COttsidera- 
tioii;  of  wfaieh,  witbtbe'<leseriptioii  of  the  apparatus  in  which 
tbey  are  perfbnwsd,  beioingS' toi  t&is  section- 

When  heal  is  applied'  U$^  recover  a  scilid  sid>staiice  iia^ 
solved  in  a  fluid,  without  any  avraligem^it  beingi  made  to 
ccflecS  theilttid,  the  d^i|.tbn,  whi^h  is  naitied  £vapora- 
tibn,is  j^rfbi^ttiied  in  $lialiow  vessels^  whichy  presantii^^aH 
csttensivie'^tirfaee,  propbitkm<^  to  die  d^)th\of  hquor,  al-* 
low  i^  Sa  b^  qiiiekly  heated,  and  tSie  vapoav  to  escape  wkh"> 
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ma  MS  r^si#a0€^    Ttese  te^srf^  we  of  gl«j^^^i^th^- 

ware,  or  metaly  gfiO&rding  to  tbe  nature  of  th/9  ^utMances 
^ip^Tfii:^  09,  m4  t^  degree  of  ;heftt  whieih  is  to  be  Applied. 
Xi^  <^ipjcal  tep^inle|ite  on  tt  $^aU  scale,  t>afions  of  giass^ 
or  of ! Weilgwood^s  earUien-ware*  sometimes  s^o  of  siiyer 
fxr  {dadndvitreused,  the  heat  b^gappKed  hy  the  taediQVi 
0f  a«aiidJiaiI).  In  pharmacy  a»d  the  arts,  thi^  are  more 
frequimtljncoustructed  of  iroir  or  lead^  aod  the  Seal  b  di-  , 
rectly.  appibed«  :    .. 

'    When  the  objeet  is  to  obtaihthe  volatile  matter  bj  eya«- 
poratio&9  it  iscarried  ch  in  dose  vei^b^  eomtruited  so  as  ' 
to.lCGtilactiiud  condense  jIk  ?a{iouh     This  bp^atkih  h 
named  S^Batieh.    Biffinf^nt  Unds  of  iMstnUiRgapparBtas 
are  employed,  adapted  to  dif&reSBt'ptirposes« 

'  Where  the  procesa  is  eottUet^  on  ik^  large  acadof  aa  in  < 

ib$  j^sti^ioB  x>f  aident  sfaritoy  >the  oomwksiA  stitt,  made 
generally  ^eoppeiy  IB  empSojredL  ThecDnstmctioiiofthifl 
has  nsiiaDy  faieen  eactomnely  feidty*.  B^ng  made  o£  a  ^on*^ 
sid^'able  depth,  j^porikmed  tb  its  diamieter,  a  large  body 
of  lienor  iaito  be  healed^  while  eomparalively  a  tmaS  sur^ 
&oe  is  expiosed  to  the  fire^  tfftd  hence  the  waste  of  hieat. 
And  the  uAte  issaing  firom  the  head  of  the  stil^  and  con-' 
ifieying  thevapoio:  into  the  spiral  tube  piaced  in  the  refri- 
geratory, being  generally  n^rrott,  the  "vapour  isretsrded, 
and  by  its  presaiire  on  the  liquor  opposed  the  eyaporation«i 
lii.lb^  country  die 'constructioii  of  the  commos  still  bas^ 
within  Aese  few  years,  receired  great  iaripnbveHTeots,  by 
iike  ak^l  application  of  the  principles  whieh.  regulate  die*  ^ 

tiBation.  The  height  of  the  still  of  the  new  consTru^ibtt^ 
is  f nconsdderable^  compared  widi  its  dianieter,  and  tJbe  tobe-  ] 

ia  so  wide  that  a  free  escape  isaSlo^red  to  the  rnpour  $  the.  | 


• 
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-dtstilltfttoQ  18  thus  perfornred  with  a  rafridity  whtck  would 
formerly  have  been  thought  impractiolildi^.r': 

In  the  greater  number  of  chemicftl  oper&tians,  metaUic 
vessels  are  liable  to  be  acted  6n,  and  hence  glass  or  eardi* 
en  vessels  generally  require  to  be  employed  in  distillation* 
The  retort  or  conical  bottle^  the  neck  of  trhich  is  bent  at 
an  angle  of  about  60  d^rees  A,  adapted  to'a  reodver  B5 
(Fig.  1.  Plate  1.)  is  the  most  convenient  apparatus  of  this 
kind.  Sometimes  it  is  convenient  to  have  it  tubulated  with 
a  stopper  adapted  to  the  tubulature^  as  in  Fig.  S.  A,  and 
to  bavcf  the  distance  between  it. and  thevecciver  ipcreased, 
so  that  the  latter  ma;  be  kept  sufBciently  cool,  by  an  inter** 

i 

mediate  tube  or  adopter  B.  '  The'  beat  is  s^plied- to  it  by 
the  medium  of  a  water^bodi  or  sand-bath.'  / 

In  some  ci»es  of  distillatton,  the  pn)duct  is  not  entirely 
a  vapour^  which  may  be  o^enaed,  but  thereis  diskigaged 
an  elastic'floidy  which  is  incondensible.*  The  receiver  ha- 
ving a  bent  tube  issuing  £rpin  it,  reprasented  by  C,  Fig.  2* 
is  employed  in  this  case ;  the  jcondensible  part  of  the  pfo« 
duct  is  collected  in  the  bodydfth^  receiver,  and:  the  clastic 
product  issuing  through  ihb  tube,  wtiich  terminates  in  a  ves^ 
sel  of  water,  maybe  collected  in  an  invented  bottle  oar  jar.' 

In  certain  cases,  the  product  designed  to  be  obtained  by 
dislillalion,  is  an  elastic  fluid,  not  condensible  by.  itself, 
but  capable  of  being  condensed  by  being  ^ansmitted 
through  water.  The  apparatus  invented  by  Woolfe,  Fig.  3; 
is  employed  for  this  purpose.  It.  consists  of  a  series  of 
bottles  A,  B,  C,  D,  connected  with  each,  other,  by  bent 
tubes,  and  connected  .with  a  retort  geAei'ally  by  l!be  me- 
dium of  an  adopter.  The  first  bottle  A  is  designed  to 
collect  any  condensiUe  part  of  the  product.  In  the  other 
bottles,  water  is  placed  to  nearly  one-half  their  height,  re- 
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pr^dtited  in  the%ure  byithe  doOaed  Im^5  Mi  tb^  t4b^  Pfssr 
.  ing  from  tfie  one  inta  the  oiheri  dips  info  the  w/alef  ^of  the 
hotde  iato  which,  it  is  inserAed,  The.  g^seoUs  product  is , 
thus  transmitted  through. the «?at^r>  by  whith  Hs  absoi-ptjMJn 
is.proseioied;  aixiif  any.portiiin  is  not  absoi^bed  by tlie wa« 
^tfM  jjasses  Qff-,by,abeat  tube  ^  th^  epdi  Jae^d  ^ay  b^ 
OdUeqted  inf.an  iny^^t^d  jar,  in  a'  trough;  qCwater.^  'J^^aLfh 
of;  the  bottfcs  (ei:oept  the  first  has  ra  sti?aighttob^,  >»rhicb 
rise^  to  the  height  of  10  or  ir@  inches  abpye  its  ..insertion 
ilito  the  bottle^  and  passes^  far:  within  it  astjci^  dip  J|nrtl\e 
♦rater  nearly  hsll an  iiidi.  .  This  tube  is  termed. t^^ube 
of  safety ^  and  the  use. of  jtrAs  to. guard  against, that  i^^i>^ 
o^^fluSdwJn^h  might  happep  ffotn  a  p^tiiil  yaciuiin -arising 
l^om  condt^asation,  in  anyiof  the  bbttle$f  foir  as.the  .$ir  is 
eKpcJlfed>t  the  beginning  of  the  operation,  and -iji^.  >plsce 
siippliefd^rby  yepo<ir>  whichtsjiable^to  condense,  ,tbe/Gon^- 
quence'  of  this  condensation  is,  (that  ihe  water,  beii^  0iare 
pressed  on  by  theiaimio^beriG .air«  without,  than tbjiXhe  g£u^ 
r  ndthtni  passes,  backwards  fifom  one  bottle  to'a]:K)ther^;  by 
.j^JBing  through  the  tubes,  bs  f|rop  D  to  C  and  frpm/C  to 
Bi  und  the.difierent  p<»rtions  a^re  nungled  together*  It 
is  pi^^tied  by  the  tubes;  of  safety,  as,  when  any  such 
partial  vacuiim  happens,  the  ^atmospheric  air  is  forced 
through  the  small  quantity  of  liquid  in  which  they  are  im-, 
fiiersed,  and  rising  into  the  bottles,  preserves  the  equjli* 
brjnxn.      -  . 

■  Various  improvements  have  been  made  in  this  appara- 
tus. One  defect  in  it  is,  that  we  cannot  have  the  advan* 
tage  of  the  inimersion  of  the  tube  which  comes  from  the 
first  bottle  A  into  the  liquid  in  the  second  B  -,  for  as  it  is 
designed  to  collect  the  condeasilde  product,  and  ought 
therefore  to  be  without  water,  it  can  have  no  tube  of  safe- 
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ty ;  snAhmce,  if  the  tube  issuing  fipom  k  ^  idtoi  the  & 
quid  til  the  seoondi  whenever  ^ndousKtiofrht^pen^  from 
the  gas  ceading  to  be  produced,  the  Utfdcir  will  pass  back* 
Wards  into  it    The  contrif  anoe  that  has  been  «sed  to  ob-^ 
viate  this>  is  the  tul)e  of  safe^  ^f  Wekhevi  or  bent  tube 
With  saa.  'additional  currature  attd  a  sphei*icid.balli  ^epre»- 
sented  Fig.  4.  as  intermediate  between  the  globular  reteU 
ver  A,  and  the  common  WooKe's  botde  B>  and  connect 
ing  them.    In  this  is  put  a  small  qoantity  of  water^  so  as 
to  rise,  when  the  pressure  without  3hd  .within  is  equals 
about  halfway  into  the  baS^    If  the  dastici^  i&  incriuised 
in  the  internal  pd^  of  the  apparatus^  during  stihe  distHliN 
tion^  l^  the  producttoiv  of  gas^  the  wat^  is  pressed  up-* 
Wards  to  the  ftinne}  at  the  top  i  if  there  is  a  condensatiiXDy 
it  is  forced  by  the  atmospheric  pressure  into  die  ballj  but 
whenever  it  has  passed  the  diFVature  beueadx  the  badly  it 
is  obvious  that  a  potl^oB  4f  sSr  nfust  rise  thrbilgli  it,  aaul 
will  pasa.ivKo  the  globe  of  bottle,  to  th^  tube  of  whik^h  it  ia 
adapted,  and  preserve  the  eqtrilibrktBT.     This  tcd>e  h  f  a^ 
ther  inconvenient  in  its  form,  and  Uable  to  be  brcJcehi  and 
we  can  employ  no  great  ptf^sure  With  it.    A  simpler  coiu 
trivance,  not  liable  tb  these  inoonveniences^  is,  having 
merely  a  spherical  ball  in  ihe  fong  leg  of  th^  common  bent 
tube,  of  suth  a  size,  that  when  the  liquid  in  which  ihe  te** 
tremity  of  the  tube  dips,  rises  into  it,  this  extremity  witt 
no  longer  be  immersed,  but  a  portion  of  the  air  will  enters 
The  form  of  this  is  represented  in  the  tube  which  coiAes 
from  the  bottle  B,  Fig.  4. 

Another  imperfection  which  attends  tlie  <$ommon 
Woolfe^s  apparatus,  is  the  difficulty  of  adapting  the  tub^s* 
by  grinding,  so  that  it  is  necessary  to  secure  the  joinings^ 
by  lute.     I  have  avoided  this,  by  having  a  tube  &ced  or 
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soldered  when  the  bottle  i§  niade^  into  that  orifike  Jnto 
which  the  loi>g  leg  of  the  tube  from  the  preceding  bottle  is 
,to  enter,  pf  such  a  length  that  it  is  ijomersed  in  the  liquor 
within  the  bpttle,  and  the  tube  wh^ch  enters  it  haying  a 
Very  slight  curvature  at  its  extremity,  the  gas;whicb  it  con- 
veys is^  propelie4  forif^rdt  ns^s  through  the  water,  and 
passes  into  the  next  bottle ;  and  as  there  is  no  difficulty  in 
grinding  the  tubes  into  the  bottles^r^  which  tliey  issue, 
the  wl^ole  apparatus  is  easily  cpnstructed  without  the  ne- 
cessity of  lute.  There  is  another  form  of  apparatus  which 
has  this  advantage,  in  which,  instead  of  bottles,  globes  are 
'  employed^  mm  which  a  tube  issues^  straight  at  the  neck, 
^o  that  jt  can  be  fitted  by  grinding  into  the  neck  of  the 
globe  into  which  it  enters,  but  having  such  a  curvature^ 

* 

that  the  extremity  of  it  dips  into  the  liquid  which  this  globe 
pontains.  This,  which  is  the  best  of  these  forms  of  appa^ 
ratusy  is  represented  Fig.  5. 

A^liquid  obtained  by  distillation  is  sometimes  not  per- 
&ctly  purei  or  it  is  dilute  irooi^  tl|e  intermixture  of  water 
that  has  been  elevated  in  v&popr  along  with  it.  By  repeat- 
\ng  the  distillation  of  it  a  second  or  a  lliird  time,  it  is  ren* 
dered  more  pure  and  strong:  and  the  process  is,  then  nam- 
ed Rectification,  or  sometimes  Concentration* 

When  the  product  of  volatilization  is  a  substance  which 
ppndenses  m  the  solid  form,  the  process  is  named  Subli- 
ination  i  and  as  such  products  are  ,in  general  easily  con- 
densecl,  a  simple  apparatus  only  is  required.  The  alembic 
with,  its.capi|al,  Fig.  18.  PI.  III.  is  generally  used.  The 
alembic  ^  is  a  conical  shaped  vessel  of  glass,  in  which  the 
materi^il^  are  put,  and  exposed  to  heat  in  a  sand  bath,  the 
sublimate  condensing  in  the  upppr|part  of  it,  and  forming, 
a  crust  ^13  its  sides.    The  capital  B  is  adapted  to  its  mouth 
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to  prevent  the  escape  of  the  Tapoar ;  a  small  groove  or 
channel  runs  in  the  under  part,  terminating  in  a  tnbe  pro- 
jecting from  it,  by  irfiich  any  liquid  is  collected  and  pre- 
vented from  running  down  or  dropping  on  the  aides  of  the 
alembic 

A  peculiar  apparatus  is  required  for  (grating  cm  aerial 
fluids,  which  remains  to  be  described. 

The  Pneumatic  Trough  is  the  principal  part  of  this  ap* 
paratus.  It  is  a  trough,  made  of  wood,  Kned  with  lead, 
generally  of  an  oval  form,  about  6  inches  deep,  from  20  to 
24  in  length,  .and  at  the  greatest  breadth. 15  inches  ;  a 
moveable  shelf  being  placed  in  it,  at  the  depth  of  2  indies 
from  the  edge,  in  the  longest  direction,  so  as  to  occupy 
one-half  of  the  breadth,  as  is  represented  in  Fig.  7.  If  a 
glass  jar  be  filled  with  water,  and  placed  inverted  on  this 
shelf,  the  trough  being  filled  with  water  to  the  edge,  it  is 
obvious  that  the  mouth  of  the  invert^  jar  being  surround- 
ed with  Water,  the  wetter  within  it  will  be  sustained  by  the 
atmospheric  pressure.  If,  while  thus  filled,  the  extremity 
of  a  retort,  disengaging  gas,  be  [daced  under  it,  as  repre* 
scnted  Fig.  6.,  or  if  another  inverted  jar,  containing  any 
air,  be  turned  np,  under  the  mouth  of  it,  advanced  a  little 
over  the  shelf,  the  elastic  fluid  rises  through  the  water,  dis- 
places it,  and  is  collected  in  the  jar  i  and  whik  the  mouth 
of  this  jar  continues  surrounded  with  water,  the  induded 
air  cannot  escape,  nor  will  the  atmospheric  air  find  accels 
to  it.  In  this  way,  a&iform  fluids  can  be  collected,  pre- 
served, and  easily  submitted  to  experiment  Some  of 
them,  however,  are  rapidly  absorbed  by  water*  These 
must  be  received  and  kept  over  quicksilver ;  and  as  this 
fluid  is  expensive,  and  inconvenient  from  its  weight,  a 
smaller  trough  is  employed,  either  hollowed  out  of  marble 
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or  of  a  solid  hkxk  of  bard  wood*  TH^  is  r^refiented 
X%»  :8.  wi^  an  a^tioa  whkh  is  6onveniettt>  •^  a  small 
rod  fixed  in  the  wooden  standard^  on  ^hMk  ihe  trough  is 
fkjsxd,  wbkkp  bjr  a  ring  atitacbed  to  it  tqr  a  sliding  ai*m» 
serves  to  snf^irti  without  a^y  risks/  ]the  jar  filled  wiih  quick- 
sUYer»  and  plaeed  on  the  sh^ 

.  The  other  priii€^l.parl  ^ibe  appalratus;  for  ^p^ating 
on  t^  gasest  is  the  Gaasom^ter^  d$ii%iied  to  contain  gates,. 
so  that  meaaared  <{u4ntkie8  can  Jbe  withdrawB.  One  of 
the  mort  simple  fi^rnis  of  ^it»  and  wlwh  answers  •soflfeienily 
for  all  common  ea:p!erinMnts«t  is  tibat  reproieiited 'Fig.  15* 
It  is  im^P  of  tinned  iroo»,  the  fiorbees  of  whiich  are  japikn* 
iiejd*.  and  consists  of  two  principal  parts  ^  a  vessel  A,  some*' 
what,  bell'shaped^  whidi  is.  ^es^ned  to  contain  the  gas, 
ipd  a  oylhidrical  vessel  of  rather  greater  dqiCh,  B,  in 
which  the  former  is  plaoedi  and  which  is  designed  €6  cchk 
Uan  Ihe  water  by  whioh  the  gss  is  confined*  To  diminisby 
howevar,  the.qnantity'of  watery  thia  cylindrical  vessd  has. 
a  oone  wkinn  it»  ^Isa  of  japanned^  tinned  inm>  Q  adapted 
to  the  shape  of  the  gasrhoUer^j  so  tb^t  titis  latter,  when 
pushed  dowD»  slides  between  diis  and  the  t^hndrical  ves* 
scj,  and  a  sq»ill  quantity  of  wat^r  fills'  ^  the  space  between 
them.  The  vessel  designed  to  contliin  the  gas^  is  suqiend- 
ed  by  cords  hung  over  puUeys»  to  which  we^^h^s  are  at-v 
tached,  so  as  to  counterpoise  it. .  From  a.stop-cock.at  the 
under  part  of  the  apparatus  D>  there  runs  a  tube  under 
the  cylinder,  \diich  rises  and  passes  through  the  cone,  the 
opening  by^  which  it  passes  being  sokiered  so  as  to  be  air^ 
tight :  it  terminate^  by  an  open  mouih  at  the  i^qper  p&rt 
of  the  bell^shaped  vessel  A.  This  tube»  at  the  part  where 
it  is  bent  at  right  angles,, to. ascend  as  has  been  described, 
i$  connected  wjth  another  which  also  runs  under  .the  hot* 
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toDt)  and  flficeads  on  the  onttide)  terminating  in  the  8toi> 
cock  £,  fio  that  from  the.  one'  stop-cock  to  the  othcar^ 
through  the  gas-holder,  there  18  an  tmiriterropted  passage. 
When  the  instniment  is  to  be  used^  the  stopcock  E  is 
opened,  and  the  Tossel  A  pressed  down,  a  sufficient  qiaah^ 
tity  of  water  being  in  the  onlkr  cylinder  (  the  aik*  of  the 
veesd  is  juroed  out  by  the  preasinre,  and  its  place  is  oceu<- 
pied  by  the  Watek*  in  wUch'itis  thus  immersed.  -    When 
this  is  eflfected,  the  stop^cock  is  doitod,  «nd  liow^  if  %(re  wish 
to  iotrodtioe  any  fas  inio  the  apparatQft»  a  bent  (bnlilsh  tte 
nioutb  of  which  Js  placed  hi  a  vessel  of.  water ^  is  attached 
to  the  tube  itf  the  step-code  D,  as  represisnted  in  the  6- 
gm^  and  the  atopfcode  iaopcsied..    If  the  extr^tnity  of  a 
xetorti  ibr  of  a  tube  eonreying  gas,  as  represented  in  the  fi- 
gure, ternnnate  below  the  drific0  of  the  ftrnnel^"  the  gas  wiB 
r^  akudg  the  tube^  will  asceitd  to  the  top  of  th^  gas-hoid- 
erj  and  tfak  being  count^rpoia^,  will,  as  the  gas  enters, 
i^iae  in  the  water>  until  it  is  filled,i  a  quantity  of  w&ter  ire* 
ihaining  around  the  mouth  of  it,  by  which  the  afr  i»  'con- 
fined.   When  the  gas  iff  to  be  expelled^  the  atop-oodc  at 
D  is  dosed,  that  at  E  is  cpened,  a  texible  tube  is  adiqsted 
to  it,  and  the  gas-faplder  being  pressed  down,  either  by  the 
h^id,  or  by  its  pwn  wetg^  from  the  ranoval  of  the  coun- 
terpoising weighl»>  a  stream  olf  gad  issues  from  the  extre- 
mity.of  itfae  flexible  tobe»  and  may  be  transferred  into  a  jar, 
or  be  applied  to  any  other  plivpose,  and  its  quantity  may 
be  nMsasored  by  the  instruBEiept  being  graduated  by, a  scale 
soarfced  on  the  brass  rod  F. 

The  ixwtrUHi^nt*  cotmeoted  with  the  gazometer  in  the 
phEt^i  Fig*  l^is  a  convenient  one  for  proeuring  gasesfrom 
^y  solid  sttbstaniee,  by  the  application  of  a  strong  heat. 
It  is  an  iron  bottle  A>  into  which  is  fitted,  by  grinding,  a 
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tabefa^ntat  an  a^ote  angles      To  this  a  smaller  tube, is 

Mglits^  bjr  ^:<aiiAilar  jant  fn  the  tnicMle  of  it^  ikt  h    The 
botttercxaitfUfHiig'ife  imteri^^  which  the  elastie&iid 

is  h>  h^  diiteiiga|^9  is  ^ptlaced  irt  a  fi^aoe^'  or  in  -m  tsomr 
mokitfyeivb  as  to  be  raised,  to  a  auffidlH^  Jl^ait  $  the.ga9  iflr 
i^es  at  Ae:«stremiljr,  aod  diay  ha  asaxefwd.  intd  tUe  g»* 
lunn^teTi  df  reoeived  in  an;|atepted  jar  .on' the  didf  of  the 
^eiimaUc  jtitrngh.  At  the  end'^^tfad  xtpetwHic&k^  the  gas 
basing  to  be^{>rodneed^  aa  the  heat  ^imihiaiied^  the  water 
m)uid  be  {>re8«6d  into  tfte  ttfbe,  and  aii^  rise  'into  tibfe 
homlej  if  1^  j^inn%a  were  not  dp^ild.  '  Th&  eaaiefb  waf 
^  dn^iatiiig  tiik^  is  hy  hating  m  small  stop-eock  in  the 
4id)^£t8  at^y  whieh  inay  be  c^n^d  vthen  die  produeticHi  ef 
die  glisrhai  ioessed.  \ 

'  Whkki'd  ga»4s  eitricaled^  in  bcin$eqne^M8  of  cbeniidal 
aetidni  with^  the  afipfioAtion*  only  of  a  aioderat^  heat,  ti^ 
flask  jdr  citiriurfaity  with  H  bent  ttibe  groii^d  iahf  Fig.  ift. 
is  the  most  convenient. 

In  all  accurate  ^xperim^iifl^  on  gases,  it  is  of  importance 
thkt  ihe  quantities  should  be  determiiied  with  preeisi0n  y 
aid  as  to  weigh  the  gases  requires  a  Terj  dedicate  and 
Conq^Ucated .  apparalasi  and  is  troaUesoisie  in  the  exesbii^ 
tio^,'  dieinists  measure  thlim  by  their  i%Iumes»  and  find 
tfaSr  .imghts  iMf/a  reference  to  thp  tables  of  theit*  specific- 
^^vities  'whidk  have  beeii^eoBistruded.  Hetice  jars  gra^ 
dnated  into  cubic  inches,  and  tenths  ave  convenient^  a^  are 
dsoy  in  other  cases^  jars  graduated  into,  eqitiil  arbitrary 
^arts»  as  repneseo]»d  Fig.  25*  In  Ums  estimating  the 
weights  of  gase^  frcw^  their  volumes^  several  circumstances 
require  to  be  attended  to,  partiQularly  the  temperature  and 
the  pressure.    Elastic  fluids  being  so  espaniuble,  it  is  ob« 
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V1012S  that  a  cooaiderable  change  sb  their  specific  giravity 
will  be  made,  by  a  tri?ial  alteration  of  temperature  (  the 
volumes  therefore  are  always  reduced  to  the  standard  tem^ 
peratore  of  54.5^*  at  which-  their  spedfio  gravities  are  as- 
certained. It.  is  also  necessary  to  attend  to  tibe  varying 
pressurei  whether  of  the  atmo^here,  or  <^  any  flnid  in 
wh|ch  the  vessel  containing  the  gas  may  be  placed.  The 
weight  of  the  gases  is  fixed  at  the  mean  barometrical  pres^ 
sore  29.S5  indies  of  mercury;  and  if  the  atmospheric  pres^ 
sure  vary  firom  this,  the  correction  by  which  it  is  reduced 
to  the  standaard  ia  to  multiply  the  real  pressure^  under 
wfaidi  the  gas  is,  by  the  volume  of  the  gas^  divide  the  pro^ 
duct  by  the  mean  barometrical  pressure^  and  the  quotient 
is  the  volume  under  that  pressure.  The  tSSact  of  the  pres« 
sure  of  the  fiuid  surrounding  the  jar.is<  most  eiEinljr  ob«* 
viatedy'  by  bringing  it,  .where  this  can  be  done,  to  the  same 
height  without  and  within^  or  if  not,  making  the  stecessary 
correction  according  to  its  height. and  specific  graVi^^ 

Oflgmiion. 

The  effects  arising  from  the  operation  of  Caloric,  hi* 
dierto  considered, — Expansion,  t  Fluidity  and  Vaporisa- 
tion, may  be  regarded  as  diflerent  degrees  of  one  more 
general  effect,^-*-the  increase  which  it  occasions  in  the  dis- 
tances of  the  particles  of  bodies.  Ignition,  or  Incandes- 
cence, cannot  be  referred  to  this  cause^  and  it  has  appa- 
rently no  connection  with  the  others. 

By  Ignition  is  meant  that  illumination  or  emission  of 
light,  produced  in  bodies  by  exposing  them  to  heat«  and 
which  is  not  accompanied  by  any  other  chemical  change* 
It  is  distinguished  from  combustion,  in  which  there  is  also 
the  eniisdon  of  light  and  heat,  by  being  the  efiect  of  the 
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high  tf  iBp^rati|r€  alone  ^  whSe  eombiisliD  is  a  process  cte- 
pending  on  the  action  of  the  airi  of  which  certain  snbstaxh 
c^4>nly  are  susceptible^  and  which*  when  the  process  has 
ceas^y  cani0t  be  renef^ed  in  the  residiial  matter.  Igmtiofi 
is  independent  of  the  air  |f  aftbpdies»  ai  kast  att-  solid  and  Ut^ 
qaid.sujjo^atnces;  ^e  siisc^ptttile  of  it  i,  and  if  it  has  ceased 
irom  a  redi^ion  of  temperatiire*  it  maj^  be  renewed  bjr  the 
l^n^^{^|uire  being  raised^ 

Ignition  appears  to  take  place  in  all  bodies  at  the  same 
temperatare.,  This  is  not  %  distant  Sfiom  700^  of  Fah« 
re|ibeit&.  ,QaicksilTer  boils  Ma, temperatnre correspom&ig 
iNfitb^Z2f  ^f  F^renbisi^ty,  and  %  civen  when  obsfsrved  in 
the,,^kt;  ^oes  joipt^  while  boil^cig  ,iq;)p#ajr,  himintes*  ^Dr 
Xryiiie^  i^fV^'  ^^f-  ^^^  which  itw,  .coanmunicates  tx>  watec^ . 
^^^yanr^ed  tei  df^e^mme  tbe  teinperiKtu»e ;  the  l^at  of;  a 
qcp^iEQpn  %e  be  f9nnd.tbi  he  abo«u|i^  790^i  laience*  the  coi&- 
la^f^emejiit  of ^ ignition^ n^t  be  l^etwe^  thiaaod  the bui^ 
ing  f0iji^%  of,(qBsIcksUTer*  v^V'edg^iinoipd.had .fiaied  it  at  .9I»7% 
\)j,  m^asiiring  die  expimaions^of  silver  in  a  pyrometrical 
gage:?ihese  bein^  prqt|s)bly ;  progressive  •  with  regard  lo 
t^jpera^ur^f  wpnld^ieadj to  th§  fixing  it  too  hi^. 

In  the.Qrst  stage  o^.  %nition,  the  red  rays.of  light  only 
^^  givep  out ;  as.tlie  t^nqperature  is  rais^  there^is  an  in^ 
termpctKire  of  others.^,  aJD(diU;  the  higbest.stage  ofJgnition) 
tbei:e  i;^  >,the  ^i^  pi:o|jor|iQn  which  constitutes  white.  light. 
This  continues  undiminisl^.f^  iQiigasthe  temperature  is 

kept  lip. ^.  .,     ..  ;         ;      .  -     .:  ^  > 

The  ae^iforin  fluids  cannot  be  brought  into  a  state,  of 
Ignition,  or  rather  cannot  be  rendered  luminous,  for- at 
the  du^  temperature  their  particles  are  probably  ignited, 
but  from  their  rarity  a  sufficient  number  of  rays  are  not 
emitted  from  a  given  space  to  produce  the  sensation  of  vi* 
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aion.    If  a  scdid  body  be  suq^ended  in  air  at  tbia  temper^* 
turey  it  acobrdit^fy  is  soon  rendered  laminoos. 

Ignition  is  prodoced  by  fiiction  arid  percussion  as  well 
as  by  tbe  cdmmuiiidition  of  beat :  a  piece  of  glassy  for  ex- 
ample, can  ble  rendiered  rlsd  hot  by  being  pressed  against  a 
wheel  of  grit«$tbfle  eevolviii^  qhielcfy ;  and  the  spark  struck 
fz^om  a  flint  by  «te^  is  a  similar  examplip.  The  ignttion 
in  these  cases  is  probably  produced  by  the  high  tempera- 
ture which  the  attrition  or  peitenssioti  exdtes. '  ' ' 

The  theory  of  the  prodcletion  of  ignition  remidns  ob^ 
«cure  $  for  it  is  not  very  ob^rioiks,  how  the  raiising  the  tem-^ 
pietatuTe  of  bddieB  dtould  cdiise  thein  to  emit  light.  It 
hAs  been  sbppbs^  thlit  the  caloric  is  converted  intotight ; 
iyntwehave  no  proof  of  lii&  pos^ibiBty  of  <Ms^  conversion j 
and,  if  it  were  pOSdhte,  iib  <:aUs€f  is  a^gnM,  i^fit'diioiM 
take  pbrte  at  the  temjieif^^re  of  %nition.  A  tiiort  proba- 
Ue  bpiiliatr  is,  thM  the  heat,  by  its  reptdsire  agency,'  ex^ 
pels  the  light  Whieh  th&  body  contains ;  thbugb^frfA  re^ 
gard  to  this^  abo,  th^re  is  th^difBdilty  bf  aecotihting  ibr 
the-  efnission  ^f  Hght  for. ah  nnltmited  time.  Where, 
however,  the  ignition  is  excited  by  the  cbmminiication  of 
heat,^  light  is  alWdys  comiiltliiicated  at  tile  same  titnc; 
where'  it  Is  exeieed  by  attriiScm  oi:  percossioh,  it  is  not 
proved  that  die  ignited  static  can  be  preserved  iiidefinikely ; 
and,  if  it  were,  there  is  thbs^iiiie  diflBicnlty  m  this  clise  with 
regard  to  the  tmlinifted  evolution  of  caloric  as  6t  hgfat. 
The  subject,  howevei^,  is  involved  in  difficulties  which  can- 
not be  elucidated,  ttntit  the  relation  between  these  two 
powers,  at  present  so  obscure,  is  better  known.  ' 
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.  Axx  bodies  ate  pdndeabbip  cadoiict  mul  Itil  tittifi^nu 
fetiiteccy  i&  to  diSbae  ite^  otitdr  nutteFf  un^lditi  ^ttili- 
farteiQ  dF  ten^sfftliireis:  etfsbliifaefiL  If  a  bodyy  llMtefliiife, 
at.  a  liigfi  temperntore  be  fimcaiM  the  tld^hbMi^bcfd^^f 
others  at  a.  lower,  iiAesaxs&pi  csAsii^^f^^^ 
imtil  it  9i«ive.ai:  tSkA  tetoperataie  of  those  .amim^  tt^^  or, 
•if  acoM  ht^uiplwredaoiQi^  athcirs  tibitai^  hotr  it  ^li^ 
^v£s.cal0]^ioiiis^.it&teiil{>eranife  rw»td4itt  dqttalit)^ #ith 
4li«ir9*:  31ik.j[m]f)8g8tmi  :Qf  o^  pftk!^  etf^li 

^hmogh .  ibe  iMiit  p^&et  itaeiliii&  tfatit  ew  J:^  bkfdiMidy 
and  iience  is  cviiteuOiy  psioe^si^i^wiiig  to  its  i^pirlsi^ 
{lower  $  it  is.aisDy  however^  in&b^nctd  by' the  natambf  tkb 
medium,  ik  ivhich  it  takes  pldf^y  aa4  tberefinre  defiendd  ib 
fart>likii^ivke  tia  4U^  reklidii  betn^eep  it  and  the  bodi^ 
which  receive  or  part  with  it.  .  '         .  > 

This  difibsiob  of  calpxte  takes  place  ki  ftwe  modes. 
From,  a  heated  body  a  portion  of  cak>rip  is  always  eoiamsh 
nicated  to  the  matter  in  contact  \rkh  it,  flnd  is  diffased 
ihcengh  tk^t  matter  with, a  ceirtain  degp^ee  df  c^rity. 
But^  fbesidea  thif^j  a  portion  is  projected:  fitmi  thesurfiikce 
4>f  the  :beatsd  body  ki  right  lijaes  with  greAt  vdod^,  and 
to  cisnsida^aUe  distailces*  The  division  of  cekMricw  thefe- 
fera^  must  be  cbn»dered  under  Aese  two  mod^  xX.  rlKlia* 
tion,  and  slow  comolunieation. 
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Oftlie  Slcno  Communicatmi  of  Caloric. 

Caloric^  when  communidited  by  bodies  to  the  matter 
with  which  they  aire  in  contact,  is  given  out  fay  them  witli 
different  degrees  of  celeri^,  and  is  received  by  them  wifh 
similar  differences.  There  is  a  similar  di£krence  in  the 
celerity  with  which  it  is  diffiiaed  throi^  them*  Some» 
therefore*  quickfy  aKiumethe  temperature  of  the  saimimd- 
iag  .miiter,  and  allow  of  this  ten^rmtnre  being  soon 
eslablilhed  through  thar>  whole  maa»'  while  others  do 
so  much  jB<H:e  slowly*  •  >     . 

The  propeffty*  in  amsequecce  of  whkdif  bodies  thus  le^ 
ceive  calcifricf  ai]ow  it  ta  be  convqred  throng^  their  sob- 
stance,  aud  part  wilb  it.,  to  others,  is  named  theut  Coi>> 
diH^pg  poiw^.  Those. which  reoeivfi  and  part  with  faBlk>- 
]$Q  quiekly,  are  those:,  also  through  which  itk  diffiised 
most  8p^e4ily>;  and  tbi^are  cousidered  as  better  condncf 
tord  than  those  in  livhich  the  same  efiects  are,  more  slowly 
produped..  In  this  pnoperty  there  are  great  diffiereiices, 
tbere  beipg:.8fiarce]^  two  bodies  from  or.  through  winch 
caloric  is  communicated  with  equal  facility<*   . 

,  This  .property  can  scarody  be  connected  with  any. of  the 
physical  qualities  of  bodies.  There  is,  indeed,  a  genecal 
relation  between  it  and  their  density  ;  those  which  are  dense, 
as  the  metals,  being  the  best  conductors ;  and  those  which 
have  .much  .rarity*  conducting  much  less  perfectly.  But  in 
exa^iiHug  lyiore  minutely  the  degrees  of  conducting  poweiv 
we  do  i^t;find  that  they  are  proportional  to  the  densities^ 
even  amopg  tliose  bodiea  which  have  a  similar  nature*  as 
among  the  diiterent  metals.  In  substances  which  are.  very 
porous,  and  in  tlie  interstices  of  which  a  quantity  of  air  is 
lodged,  the  conducting  powef  is  very  imperfect,  which  ap- 
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pears  to  be  owing  principally  to  the  air  ,being  a  bad  con- 
difictor^  aiid.tait«  motion^  by  which  it  might  distribttte  ca- 
lorie more  qtticklyi  being  impedisd  by  tfie  force  witib  which 
itisntca&ed.   ■      >     :       "  i.- 

It  is  to  this  cimse^  that^lI»  iaqp^rfect  conducting  pow^r 
of  fiir^,  flaanely  and  4>ther  auaiilar  atibstances  U  owing^  and 
on^thsfi  dep^ads  tbm  ntiSty  m  fflrtidea  of  dbtbingy  an  pre- 
vteting  Ike  abfitraction,  of  warn)th. 

To  this  iK^Ssrem^t  too,  in  cotidneling  power,  is  owing 
the  diibiei^  in  &o  srasatioA  ekh^r  oi  hcot4>r  cold»  eK* 
cited  by  different  bodi^  a{^ed  to  our  or^oit  of  ae&aet 
^9^sa  the  dififienoBieter  Aewa  ib^i»  tempentore  -the  mime* 
31ioae  ftkiA*  fMt  with  cabric  laoet  readily  will  be  those 
wlufih,  when  applied  hot,  will  giv^the  greatest  aeosaticm  of 
heBti«Bd.lbef8ai»ebodm>behigitho0e  which  reeeivecrior 
m  niost  rtadi^»  ifill  be  those,  wfaieh,  when  o(4d,  wiii  abt 
s£ra^  is  most  riqpidly^  and  wiU  therefi^re  produce  in,  great* 
e^tetiiiMity  the  sensation  of  cold/  > 

r  Manynsefal  ^ipHcatiims  are  madeof  this  difiefsnee,  in 
€»6dfictiag  powei^  as  in  the  vlirioiis  arratigements  to  pre* 
vent  the  watte:  of  heat  in  chemical  operationsi  or  to  guard 
against  the  eflbots'whicfa  arise  from  snddeH  aHei^ationii  of 
teSDfKoatBrcL  ' 

Hie  communication  of  temperatui^  throu^  liquids,  is 
modi  aecderated  by  their  mobility  $  the  pcMrtion  directly 
risodiving  heat  baring  its  delisitydimiiiahed,  it  mwt  unless 
it  occupy  the  snr&ce  change  its  place ;  it  is  succeeded  by 
another  portion  heated  in  its  turn,  and  thus  a  circulation 
is^estabfishjed  through  the  whole  mass  of  liquid,  by  which 
the  increased  temperature  is  sooner  established  than  it 
would  be,  were  the  caloric  communicated,  as  in  solids, 
merely  from  otie  particle  to  another.  ' 
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Rumford,  froni  some  observations  on  the  rapidity  of  the 
«urr0iit6  in  aliipiid  white  beatings  or  eoeliiig,'asid,osiii^ 
alowness  witb  which- it  ia  heated  or:  c^led  wl^eii'tfaasejive 
prevented,  advanced  the  (pinion,  that  it  is  Jt^  tfatfaa  iho-- 
tion»  ih$l^  the  ottifdniiity  of  teia|>«ratui!«  ^bvod^h  at  k  dta^ 
biisfaedy  and  that  liquids  in  theaneHresi^e  nbo^oci^diictors 
of  cabricy  or  me  inea^Mbte  of  (xAnmttani^tki^  ^  fr^tn-Oiie 
partii^Ie  to  another.  Instlpport  <^ dm opimiin,b$  \mstiffat 
forward  a s^iMf  of  di^i«Bienl8,|dacivgiin aaCrScft^^it 
ihe  slowness  wkh  *whiiji  calorie  ia::&aiikiBited''^duoi%lrili 
lhiid,-u4ieB  di?  motionaiof  its  psasa  ave  impeded*  /  Hd>ak» 
endeavobred;«Qi  e^^Msh,  iWbat;  ik>(dd  fasve  ^dobeiisMMl 
the  truth  ofhiisi  opinidny  daiatiacareagfed^il^fieiaitctfe  eamidt 
be  xdfiim(i&idat^&om.A0BiiHkc0oC  aiiqittd^  sbfariMBaiJUs 
to  the  rest  iaf  iAe  ma^i  diit>  in  ail  faki  exparintedta^  ijuHaei- 
«iilts  ai^  -eidiEerinconi&si^,  or  ndqaArd  sBm&nv  aasttinfitiaiis 
tb  renderoch^  qtfaerwfaei.  that  i^ber  opinffn  jremaiiicli  ecu** 
tremely  problematical.  The  piinsipal  &et fioinnidulsli  te 
question  can  be  dedided^thatrektiiig  totbe  coiaoiuinoMoti 
of  t^Ri|)ehatare  through  a  fluid  from  4ts  upper  st^aee^  bia 
been  made  the' subject  of  ^cpeviment  far^  imrkfusxhBmutSi 
and  in  aU  df  theee-thecomimiiiication  baa  beeft  jH*oved  to 
take  place.  There  is  one  source  of  fallacy,  indeed^  attends 
tug  the  e&petinient)  ivom  the  condiwting  power  of  the  ves- 
sel containidg  the  liquid  wbieb  may  convey  a  pfMrtion  of  ea» 
loric,  elxiA  communicate  it  to  the  under  portion^  of  the  li* 
quid.  But,  when  tiiis  is  guarded  against  by  various  arrange* 
ments,  or  still  mbre  efGactually  by  making  tbe'i^pminmt 
at  the  temperature  of  3^^,  and  in  a  vessel  of  ice,  which  net 
being  capable  of  having  its  temperature  raised  above  thai 
point,  is  of  course  incapable  of  communicatii^  any  higher 
temperature,  the  same  general  result  is  obtained,  a  result 
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/.  'lUi^Araictai^Qg  ftovr^^^^  ii  v&esm  tc»  bdiece^  how* 
^imrtis  uMi^Hy  ^Hiii(»€kr«M^  siii^e  ffom  ihe  imibilily  of  a 
tiqiM,.avp«ftkfeof  iVivben  htatod^irei^^  ifad.othcfs^ 
iocl  vyield»  ^.itttlom  U.Hr^  veceived  ka»  rcwfiiy  $  atid 
h^me^tahirkJftid^i^cdr^^^  pmicipuBy  bjrtbe 

m^6ff^  fxod^ced'by  the  thaxiges  of  Penalty  tfacy  sufl^ 
^cm.  dkatages  of  teaqpevatiire*  Still  we  ca&  diteovei^  in  K* 
fttjds.dfffereiit  d(grees^'C0hdn<^^  tfaus^  qmck«- 

ta»giatec8:itlig?teiP|icrti^^  with  wfaidi  ii  is 

in.fliln^ct^  fliiidfliiimtfii>f  tliiiiri»mpiB»tttre  being  ilfiifei^ 
|)r:ie^^ifliibdjlhrDtigh  lAi  inas^t  nittch  more  q^icklf  ^&Bt 
#»ti^x^f:filko^H*^4*«i  differ  whk^  caimot  be  ftserfbiBd 
teilto  belief  iBote  l^x][>M^iUe  or  fnore  mdbM^^  for  hefliief  df 
these  is  thefactf  4Mid  whidi  must  ^erefere  be  referred  to 
si^ieriov^oiiduelifig  power,-^  s^p^ori^f  ki  tonformity 
to  tfae^gtiiei^  &4t»  ibat  m^ok  bondact  catoric  better  thafii 
•d»^  atdM^noes. 

A>4»tnihKr  opinioii  was  tidvanced  wrth  regard  to  ^Ski^ 
flnidsy^^that  th^  ako  are  nmi-condtietors.  It  rested  oil 
obsenratioiis  and  expeiiinents  still  less  concldsive  than  those 
addweedbto^estiiblish  the  non-Ksbnducting  power  of  liquids  ; 
and  th^  same  concision  that  they  are  onff  imperfect  eon^ 
ditetort5>  h  ptobably  to  be  drawn  with  regard  to  them.  We 
«lIl^•even  observe  diJSeri54)<;es  in  the  conducting  powef  df 
iMhifent  gas^.  vFhu^  humid  air  conducts  caloric  better 
than  diy  air,  and  hence  the  greater  sensdticm  of  cold  #e 
experience  from  it  wheft  at  a  low  temperature.  Mr  Leslie 
l^s  found,  too,  that  bodies  cool  with  difierent  degrees  of 
cdcrity  in  different  elastic  fluids  j  andfrpm  the  phenomena 
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of  this  oooliog  he  infers,  that  this  is  owing  to  these  having 
difierent  conducting  powers. 

It  is  by  die  movements  of  flaids>  ehtttic  and  non-elasdc, 
that  caloric  is  distribated  with  more  uqiformtty^  in  nutAre^ 
and  that  the  temperatore  of  the  globe  is  preserved  more 
equaUe  than  it  otherwise  would  bew  The  atmoq>herei  when 
heated  at  the  earth's  surface,  is  expanded^  becomes  hf^bsb&tf 
and  recedes  from  it  to  the  upper  regtoQ^  An  ascending 
current  is  thus  formed,  wherever  die  earth  is  much  heated, 
which  is  replaced  by  odd  air  flowing  at  the  surface,  and 
this  prevents  that  progressive  augmentatbn  of  temperature 
which  would  otherwise  happen*  Hie  warm  air  is,  frmn 
the  constant  ascending  emrent,  propdled  to  colder  regions, 
where  it  yields  its  excess  of  heat.  A  similar  agency,  though' 
to  a  less  extent,  is  exerted  by  the  water  of  the  ooean.  When 
cooled  at  the  surface,  it-becomes  heavier  and  descends  $  and^ 
from  its  saline  impregtiadon,  this  continues  to  take  place 
to  a  lower  temperature  than  if  it  were  fresh.  A  portion  of 
warmer  water  of  course  ascends,  and  from  the  great  depth 
of  the  ocean  this  circuladon  continues,  ccHnmunicating 
warmth,  and  the /water  at  the  surface  does  not  freeize,  -ex- 
cept in  latitudes  where  the  most  intense  cold  prevails.  Fr<Mtt 
these  movements  it  is  not  improbable  that  th^e  is  a  general 
circulation  in  the  ocean,  as  there  is  in  the  atmosphere ; 
the  water  which  has  descended  in  colder  regions  spreading 
on  the  bottom  of  the  sea,  flows  towards  the  equator,  which 
must  produce  a  current  at  the  surface  in  an  opposite  diroc* 
tion,  and  thu^  the  beat  of  the  torrid  zone  may  be  mode- 
rated, as  well  as  the  cold  of  the  polar  circle. 
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Of  the  JUaditttion  of  Calorie, 
Besides  the  caloric  which  a  body  in  cooUhg  communi- 
cates to  the  matter  with  which  it  is  in  contact^  a  portion  is 
thrown  from  its  surface  in  right  iines^  moving  with  great 
Telocity,  cnpaUe  of  being  rendered  sen^ide  at  a  conside* 
table  distance*  and  obeying  the  same  laWs  dT  motion  as  the 
rays  of  li^t.  This  forms  the  radiation  of  caloric.  It  was 
observed  more  than  a  century  ago^  by  Marlotte^  and  also 
by  Lambert;  more  lately,  it  has  beeh  investigated  by 
l^heele,  Saussure  and  Piclet,  Herschel,  and  Leslie. 
>  The  experiment  in  whidi  this  roidiation  of  calom  is  best. 
diB{4ayed,  Consists  in  plating  a  hot  body,  as  a  heated  bali 
of  iron,  in  the  focus  of  a  concave  metallic  mirror,  opposite 
,to  which^  at  the  distance  of  8  or  10  feet,  is  placed  ashnilar 
mirror,  having  the  ball  of  an  air  thermometer  in  its  focus  *• 
Xlie  moment  the  hot  body  is  intnoduced,  the  of^ioske  ther- 
mometer indicates  elevation  of  temperatmre,  the  air  in  its 
ball  being  expanded,  and  pressing  on  the  liquid  so  as  to; 
cause  it  to  descend.  If  the  hot  body  be  witbdmwn,  or  if  a 
skreen  be  interposed  between  the  mirrors,  the  temperature 
&Hs,  and  the  liquid  in  the  thermomet^  returns  to  its  former 
height  In  this  experiment,  it  is  obvious  there  is  projected 
a  calorific  matter  from  the  heated  body,  on  the  snr&ce  of 
the  mirror  in  the  focus  of  which  it  is  placed ;  this  is  reflected 
in  right  lines  from  the  surface  of  this  mirror  to  the  one  op« 
posed  to  it,  it  is  again  reflected  from  the  surface  of  that 
mirror,  and  is  collected  in  its  focus  where  it  produces  a 
heating  effect. 


*  The  differential  air  thermometer  is  well  adapted  to  shew  these  effect^ 
and  to  allow  the  facts  with  regard  to  the  radiation  of  caloric  to  be  determi- 
ned  with  much  accuracy.  It  was  invented  and  applied  to  this  puipose  by 
Mr  Leslici 
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The  efiect  is  similar  with  a  siogle  mirror*  If  a  hot  bo* 
djr  be  plac^  before  its  concave  surface,  at  the  distance  o( 
a  feir  feet,  and  a  thensometer  be  pjaced  in  its  focus,  rays 
of  cabric  $Te  prcgected  from  the  hot  body,  and  are  refleq^ 
ed  from  thje  isur&oeof  tl|e  mirror  on  the  thermometer,  pro- 
ducing elevation  of  temperature* 

That  it  is  not  the  cotitigiii^  of  the  hot  body  to  the 
tfaermooieter  that  produces  die  efiect  in  these  experiments, 
is  shewm  j^ot  only  by  the  distance  at  which  it  ha{^ns, 
but  by  moving  the  thermometer  a  little  out  of  the  focus, 
eveii  txigh^T  to  the  hemiefl  surface,  when  its  temperatii^e, 
if  it  had  been  previoudy  raised,  immediately  falls. 

The  rise  of  temperature  produced  .by  this  radiation  ia 
greater,  the  hotter  the  body  is  from  whijch  it  takes  place* 
In  using  the  apparatus  of  the  double  mirrors,  and  piacing 
in  the  focus  <^  one  of  them  a  ball  of  iron,  pwQ  inches  19 
diameter,  at  an  obscure  red  heat,  the  rise. produced  in  a 
thermometer,  in  the  focus  of  the  other  mirror,  at, the  dis- 
tance of  12  feet,  is  equal  to  about  20^  of  Fahrenheit's  scale* 
From  a  glass  matrass,  containing  about  two  ounces  of  water 
boiling,  it  does  not  exceed  three  degrees.  From  burning 
charcoal)  the  heat  is  sudb,  that  it  can  set  fire  to  a  burning 
body  at  the  distance  of  several  feet* 

^  The  vdocity  with  which  radiant  caloric  moves,  is  not 
capable  of  being  measured  at  any  distance  at  which  we 
can  make  the  experiment.  In  an  experiment  by  Pictet, 
the  effect  fqppeared  instantaneous  at  the  distance  of  69  feet. 
Jt  appears  to  pass  through  the  atmosphere  without  inter- 
ruption ;  nor,  according  to  Scheele's  experiments,  is  its  di- 
rection changed  by  a  current  of  air.  It  is  stopped,  bow- 
ever,  by  liquids,  even  the  most  transparent. 

Glas^  also  intercepts  a  large  portion  of  it.     If  a  plate  of 
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dear  glass  be  interposed  half  way~  between  the  two  ixiir'* 
rdrs,  a  hot  body  being  in  the  focns  of  the  one,  and  the 
ball  of  a  thermometer  in  the  focus  of  the  other,  the  effect 
on  the  thermomi^ter  is  nearly  entirely  intercepted.  The 
rays  of  calorie  thrown  on.  the  glass,  instead  of  passing 
through  It,  are  absorbed  by  it.  This  result  affords  a  me* 
thod  of  separating  the  rays  of  calorie  from 'the  rays  of  light 
when  they  accompany  each  other.  Thus,  if  a  burning 
csndlc  be  placed  in  the  focus  of  the  mirror,  and  a  plate  of 
glass  be  interposed,  a  luminous  image  is  formed  on  the 
ball  of  the  thermometer  in  the  opposite  focus,  from  the 
light  passing  through*  the  glass,  but  the  calorific  effect  is 
greatly  diminished  j  by  the  rays  of  caloric  being  arrested,--^ 
8  &ct  which  shews  well  the  essential  difference  between  ra« 
diant  caloric  and  light. 

Dr  Maycock  had  shewn,  however,  that  the  rays  project- 
ed from  a  body  considerably  heated  pass  through  glass.  It 
also  appears,  from  recent  experiments  by  Dr  Delaroche, 
that  the  power  of  radiant  caloric  to  penetrate  glass  is  much 
dependent  on  the  temperature  at  which  it  is  projected^ 
the  rays  emitted  from  a  body  at  212^  being  scarcely  capa- 
ble of  passing  through  glass,  but  acquiring  this  property  if 
the  temperature  is  raised  considerably  higher.  He  farther 
found,  that  the  rays  which  have  once  passed  through  Sk 
plate  of  glass  pass  more  easily  through  a  second  plate. 
And  he  farther  concludes,  that  the  rays  emitted  simulta- 
neously from  the  same  heated  body  differ  from  each  other 
in  the  power  of  penetrating  glass. 

'  Some  bodies  are  more  disposed  to  absorb  radiant  calo* 
ric  than  others^  and  hence  are  much  more  heated  by  it. 
Schede  observed,  that  when  a  glass  mirror  is  used  instead 
of  a  metallic  one,  the  heat  is  not  reflected,  but  is  absorbed 
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aiid  retained  by  the  ^bus;  and  the  result  is  sinular,  if  a 
metidlic  mirror  have  ita  anr&ce  blackened.  Pictet  fonnd* 
that  when  the  glass  biilb  of  the  thermometer  is  bladceiied» 
it  is  oonsid^^^  more  heated  than  when  it  is  dean;  Bat 
if  the  bolb  be  covered  with  tinfpil,  the  reverse  happens,  or 
the  delation  of  temperatm^  it  moch  less  than  when  the 
glass  bulb  is  opposed  to  the  mirror. 

The  power  of  reflecting  the  rays  of  caloric  is  of  course 
the  reverse  of  the  absorbing  power*  Mcitak  reflect  most  • 
perfectly s  hence' the  calorific  effect  is  greatest  in  those  ex- 
periments when  metallic  mirrors  are  employed;  it  is  less 
with  a  glass  mirror,  and  is  scarcely  sensiUe  when  the  sur- 
tace  is  blackened.  It  is,  for  the  same  reason,  least  when 
the  ball  'of  the  thermometer  has  a  metallic  sur&ce,  is 
greater  when  of  glass,  and  still*greater  when  blackeneds 

An  important  difference  exists  among  bodies  in  the 
power  of  radiating  caloric,  the  quantitjr  thrown  from  iStB^ 
rent  kinds  of  surfaces  at  the  same  temperature  bdoig  very 
di&rent.  For  the  knowledge  of  this  we  are  indebted  to 
Mr  Leslie.  The  apparatus  he  employed  to  determine  it  ^ 
very  simple.  It  is  a  canister  of  tinned  iron  in  the  form  of 
a  cube,  the  sides  being  six  or  eight  inches  square ;  this  is 
filled  with  hot  water,  a  thermometer  being  inserted  in  it, 
to  shew  the  temperature  dijring  the  continuance  of  the  ex- 
periment. The  sides  bf  the  canister  are  variously  pre- 
pared ;  one,  for  example,  is  blackened,  another  is  covered 
with  paper,  a  third  has  a  pkte  of  glass  applied  to  it,  and 
the  fourth  is  left  clean.  When  thus  prepared,  it  is  placed 
before  die  concave  surface  of  a  mirror  of  tinned  iron,  at 
the  distance  of  three  or  four  feet ;  the  ball  of  the  differen- 
tial thermometer  being  adjusted  to  the  focus.  All  these 
sur&ces  being  equally  under  the  influence  of  the  hot  wa» 
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ter  in  the  caaiate^^  are  nt.tbe  same  tempexatorc^  fuid  thelc 
comparative  powjersf  in  nuliafcfaig^  caloric  at  a  given  t^nr* 
peralnre^  can  he  asfiertained.  In  this  respect  they,  dif- 
fer widely;  as  an  aiverage^it  majr  be  jlated^  thatihecaiow 
rific  e&ct from  die  Uadceiled  fiioftoe.  being  lOOytha^^ 
the  paper,  is  98^  from  Ihe  f^ms  90,  and  &cm^e  ele^  met 
tal  not  more  dian  12 

It  ttins  appeai^f  that,  those  lurfifKes  most  disposed  to  wk* 
sprb  radialtt .  cialoripj,  yfbexi  it.  js  thrown  qpdn  them,  am 
those  Hkewtte  toxqA  di^pMwedto  radiate  it  when  thqr  are  at 
a  high  temperature,  and  the  absorjiiing  said  xadialii^  pro* 
perty  are  <^q>08ed  to  the  reftecst^ag  po%w.  ■/ 

It  J(^  an  interesting  question  on  this  sutged,  does  radiant 
caloric  8u£^  refraction  ?  This  was  attempted  to  be  deter* 
mined  by  Fict^rt^Jimt  tlNwc^V>*9riment  was  so.impei&ctfy. 
performed,  tht^  .^o.  conclosion  could  be  drawn  from  it< 
ij$rs(^el  foxittd  reason  to  conclude,  that  rays  of  calotk 
fSfAst.\fx:ib^  solar  b^am^.  apart  fitom  the  rays  of  li^^  and 
that  the9i^  ate  s^arated  whqn  t^e  beam  is  decomppsed,  by 
bj^iin^  p$^9cd  through;  the  pHsm,  theca)orifie''rajrs  being 
thi^OMfp  beypi)d  the  xed  VB^.y  tfais^  if  tim  ei^eriment  wetiQf 
aq<^ratje,.prQved» ^isd^ these  calorific  solar  mysare svibj^ 
tp  refraction.  He  &rther.si|bmkted  tp  ea^ertment,  ^  ira^ 
diant  ^alpric  prcgect^  fromhi^ated  bodies ;  and  he  found 
them  to  be  refracted,  by  a  lens,  •andf.in  the  ^t  where  they 
3Her^  colleo^  hy  the  "refraction,  to  pcoduce  a  hea^g  ef- 
fi^ct.  The,  reflection  of  th^  r^  of  caldrie  has^  ferthef 
b^n  proved  by  the  experiments  of.  Berard,  who  h^  alsd 
shewn  that  tbqr  are  polarized  by  xeflection  like  those  of 
light. 

Mr  Leslie  dbserved,  that  a  considerable  aberration  hap<» 
pens  in  the  reflection  of  heat ;  hence,  when  reflected  from 
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a  mirror,  the  maximiiin  of  heat  k  not  in  the  true  focas, 
bi^  is  Gonuderabiy  nearer  to  the  snrfaee  of  the  mirror. 

The  experiments  of  Herschel  establiah  the  important 
i^sidty  that  radiant  caloric  exists  iathe  rays  firpm  the  sun, 
and  that  on  this  depaeids  thdr  heating  power.  *  In  deeorn^^ 
posing  the  solar  beam  by  transmission  throogh  a  trianga- 
lar  glass  prism^  it  U  resolved  into  dif^rent  coloured  rays^ 
and  these  Herschel  found  were  possessed  of  deferent  do> 
gre^  of  heating  power ;  ^  ariolet  ray,  which  i»  the  most . 
refirangiUe^  and  which  bounds  the  cdonred  i^)ectmm  on 
one  side^  being  least  powerfol  in  exciting  heat ;  and  the 
calorific  power,  increasing  towards  the  other  side,  bounds 
ed  by  the  red  ray,  whidi  fiur  e^cceeds  the  others  in  heatmg 
power.  ' 

This  might  be  considered  ss  oriring  from  a  diverrify  of 
heatmg  power  in  the  visU^Ie  fays  of  light  \  but  Herscdiel 
fiutber  found,  that  calorific  rays  which  produce  no  iBumi* 
natioQ  exist  in  the  solar  beam,  and  bdng  less  refrbngtble 
than  any  of  the  rays  of  light»  occupy  a  spaoa  b^ond  the 
refi  ray,  wh^i  the  entire  beam  is  decomposed  by  the 
prism.  In  this  spaee,  to  the  extent  even  of  half  an  inch 
bgMtod  the  visU^  light,  the  heatii^  power  is  actually 
greater  than  in  the  space  occupied  by  the  red-  ray,  whidi 
of  any  of  the  coloured  rays  produces  the  greatest  hei^^  and 
it  can  be  traced  even  to  the  extent  of  an  inch  and  a  half.^ 
This  appears  to  prove  the  existence  of  rays  of  calorie  in  the 
solar  ray,  which,  from  being  fess  refrangible,  are  capaUe 
of  being  separated  from  the  visible  light,  and  if  Che  accuracy 
of  the  experiments  be  admitted,  scarcely  any  other  eondn*- 
sion  can  be  drawn.  Heracbel  &rther  infers,  that  the  heat- 
ing power  of  the  different  coloured  cays  does  not  belong  to 
the  light  of  these  rays,  but  depends  on  rays  of  caloric  asso* 
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cUted  widi  Ihem,  tfaere  being,  aeo^fimg  to  hit  concIa« 
simis,  rajrs  of  cakmc  as  wdl  as  of  light  of  different  degrear 
of  refira^gibiHty,:  and  the  foi*iiier  being  therefore  spread 
over  the  space  occupied  by  the  prismslie  spectrum  a^' wi^ 
as  the  ktten  The  exp^imeots  from  which  this  was  ia« 
fenred  will  be  more  faify  stated  under  the  hislory  ii;>f  Light* 
It  is  to  be  remarl(ed»  h»>wever)  tl^^t  in  the  mpri^  rocseiit  ex^ 
periments  of  Berard^  thoUj^  the  diff^ent  liealing  powers 
of  the  coloured  rays^were  fouM  to  be  nearly  as^Herschel 
had  staledi  the  nt^mum  of  heating^pqwer  was  found  to 
be  at  ihat  extremity  of  the  if^ectrum  bounded  by  fte  i[6cl 
ray,  and  to  be  diminMhfd  heyi^  it»  40  that  wli^e  there 
was  no  v&Sde  lig^t  t^e  rise  of,  ti»i^perature  was  only  (me* 
fifth  of  what  it  was  in  the  red  ray. 

In  one  respect  the  ca]oi^e  solar  rays  differ  from  those 
from  heati^  b6dies^  they  pass  with  less  interruption  through 
transparent  media :  this  i&  evident  from  the  intense  heat 
po^dnced  in  itie  focus  of  a  lens  when  the  rays  of  the  suii 
have  bem  transmitted  ihrou^  it.  It  was  ascertained^  too^ 
ipd&  more  accuracy  by  Hmnduk  th«  solar  calorific  rays» 
whether  associated  with  light  or  sqiarated  fit>m  k,  passuig 
throu^  txans{mrent  substances  and  producing  heat;  wiriie 
the  radiant  caloric  from  heated  bodies  is  almost  entirelfy: 
arrested.  It  has  been  viteady  stated,  that  the  experiments 
of  Deiaroeh^  prove  thi^  the  cays  projected  from  a  hot 
body  p^ietrate  glass,  and  do  so  with  much  more  facitity 
when  the  body  is  highly  heated,  than  those  emitted  from 
a  bcMly^at  a  low  ^gree  of  heat.  T)iis  accords  with  the 
peeu&urity  of  the  sdar  calorific  raysy  as  these,  from  thdr 
hi^  headng  power,  may  be  considered  as  analogous  to : 
^hose  projected  frrai  a  body  at  a  very  high  temperature. 

An  inttKnrtant  subject  of  inc^uiry  is  still  to  bp  consider- 
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edV  Wbsi  is  the  nattirexif  R&cliant  CaloriCi  or  what  theo- 
ry ^fstn  be  given  of  the  phenomena  it  displays? 

The  phenomena  iE^)peiBred  to  prove  the  existence  of  a* 
subtle  calorifiis  matter,  ptojec^ed  from  heated  bodies,  capa«> 
faitt  of  m<m6giii  riglfvttnes  witli  velckdty,  and  obeyiiig  laws 
of  Ddotion  siiititiir  i4  those  of  )ight  Mr  LesBe  advanced 
a  diff^ent  hypoliii^ii^^  fhe^'appai'ept  calorific  emanation  he 
supposied'to  be  [iropagat^  by  the  medhim  of  t)ie  air.  The 
heated  surfaces  acconling  td  his  view,  communicates  in- 
creased temperature  to  the  air  in  contact  with  it ;  this  layer 
of  air  is  expanded,  aiid  pr^es  oh  the  portion  immediately 
before  it.  Thi»  is  succes^iver^r,  but  rapidly  renewifed;  a 
chain  bf  undulations  is  propagated  ftom  i^e  heated  surface 
to  the  mirror,  is  reflected  and  concentrated  in  its  focus } 
and  each  pulsation  being  accompanied,  accbrdfiig  to  the 
hypothesis,  with  a  discharge  of  the  caloric  by  which  l!he 
expansion  exciting  it  hadbeen  produced,  the  whole  istransh 
ported  with  the  velocity  of  these  undulations,  and  the  ca« 
lorifie  effect  is  c^ihed  when  they  are  cohc^trated'  dn  a 
solid  substance.  The  degree  of  heat  excited  wiB  be  greater 
as  the  temperature  of  the  surface  communicating  it  is  great- 
er. And  thie  diversity  in  the  eflfect  fiom  diflbrent'  kinds  of 
sprface  at  the  same  temperature,  Mr  Leslie  siippddes  to  be 

*  »         »  .         ■     .        <  ■ 

owing  to  these  surfaces  admitting  of  a  more  or  les^  {)erfebt 
contact  of  the  atmospheric  air;  those  with  Which  the  air 
comes  into  closest  contact,  which  is  held  to  be  the  case  with 
the  blackened  suiftce,  communicating  the  laig^  qU'atitity 
of  caloric  in  a  given  timie ;  and  for  a  similar  reason,  the 
same  sut&ce^  will  be  those  most  disposed  to  receive  catoricy 
and  will/therefore  be  those  most  heated  by  this  kind  of 
communication^ 

This^explanation  rests  principally  on  certain  facts  obser^ 
yed  by  Mr  X^slie  with  regard  to  the  effect  of  skreens  in* 
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terposed  betwe^  the  h<^  body  and  the  mirror  on  t^  ca« 
Ibrific  Irodiatioii.  Wben  a  plate  ef  glass  is  interposed,  the 
effai^  on,  the  theiftnometer  in  the  focus  is  greatly  diminished. 
He  foosd  that  thi^  is  nm^  dependent  on  tlie  distance  at 
wbisfa  the  gla$s  {date  is  placed  from  the  heated  body.  With 
the  aSfigle  refle^ag  mirror^  if  the  phite  of  (^[ass  be  placed 
at  ab0i[t4;woii^^Ke&iTti«&diebla^aEied  siir&ceof  the  canis- 
t0r^  aTise'ki  the,thc9:ii;i&nleter  is  produced  ec|ual  to  about 
Oifte-fiftb  of  what  vfMd  bepa^uced  by  the  same  sur&ce, 
the  glass  being  ivithdrawn ;  if  &rtber  removed  &om  the 
heated  sarfiice,  the  effect  diminiahe%  and  when  it  is  remo- 
ved abput  a  foot)  it  does  not  amount  to  one-lhirtieth  of  what 
it  is  ip  the  first  poeitiom  He  farther  found,  that  the  effect 
is  very  difierent.  with'skreens  of  different  kinds;  thus  if  a  me- 
tallic skreen  be  used»  though  ettremdy  thiui  aslbr  example 
^d  leaf,  the  effect  on  the  thermomet<^  is  completely  in- 
tercepted. 

,  These  resuiCB  cannot  be  explained  on  the  sqf^sitipn  tl;iat 
these; skreeoa  operate  by  intercepting  more,  or  less  the  ca- 
loriflc  nuUaliGOi ;  for,  were  this  the  case^  the  action  of  those 
^(^<^w  a  certtua  degree  of  heatipg  effect.,  to  be  pro- 
.  4nced>on  the  thermometer  ought  to  be  the  same  at  what- 
ever tMstanoe  it  h  placed  frpm  die  heated  surface,  while  it 
is  much  d«e|yendent  on  its  contiguity  to  it.    They  therefore, 
Mr  JLAstie  conceives,  establish  the  conclusion,  that  these 
skreeBs,in  every  .case,  arrest  the  radiant  caloric,  and  that 
wj^reany^ect  is  produi^ed  on  the  thermometer,  this  i«r 
^to  be  ascribed  toithe  interposed  skreen  acquiring  heat,  and 
beii^-ei^bled  to  display  the  same  action  as  a  similar  ra- 
diating surface  would  do  at  the  same  temperature.     Ac- 
cordingly, when  a  skreen  id  employed  which  is  not  disposed 
to  receive  radiant  caloric  on  the  one  hand,  or  to  radiate  it 
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ou  the  other^  as  one  of  metal»  no  effect  is  produced  i  or  iS 
the  skreen  is  such,  that  its  temperature  cannot  be  rai»edy 
as  is  the  case  with  a  plate  of,ice>  there  is  no  effect;  bu^  iC 
the  skreen  be  of  a  substance  disposed  both  to  a]t)sorb.aiid. 
radiate  caloric^  as.  in  ^e  case  with  glass  or  paper,  then  a 
certain  effect  will  be  produced^  the  ^e  next  to  the  h^  bo** 
dy  arresting  the  calorific  radiation  ,and  hai|]^  its  teipp^a* 
ture  raised,  and  the  other  radiatii^  prc^ortional  to  thia 
rise  of  temperature,— and  this,  of  <x;»urse,  will  be  greats 
the  nigher  the  skreen  is^to  the  beo^ed  body. 

Now  this  effect  of  these  interposed  skreensy  Mr  Leslie 
conceives,  can  only  be  explauied  on  the  supposition  that 
the  air  is  the  vehicle  of  the  communication  as  aheady  ^&- 
plained,  the  skreen  arresting  the  chain  of  pulsations,  an4 
acquiring  in  its  turn  the  power  of  transmitting  these  pul- 
sations with  the  accoifipanying  di^qharges  of  caloric  from 
the  other  surface. 

The  conclusion  is  one  which  does  not  necessarily  follow, 
^SBB^it  is  equally  conceivable,  on  the  hypothesis  cf  rajrs  of 
caloric,  that  these  may  be  arrested  by  the  skreen,  its, tern*. 
perature  may  be  raised,  and  corresponding  rays  be  prqjedt* 
ed  to  a  certain  extent  from  its  other  ftirface :  it  must,  in 
fact^be  supposed,  that  the  interposed  skreen  receives  calo- 
ric at  the  one  surface,  and  communicates  it  from  the  olher^ 
whether  the  caloric  be  propagated  by  pulsations  in  the  atr 
mosphere,  or  by  projection  of  calorific  particles;  and  in. 
either  hypothesis,  those  most  disposed  to  receive  it,  and 
to  discharge  it,  will  be  those  which  will  admit  of  the  great- 
est heating  effect  being  profiuced  on  the  thermometer. 
There  is  also  an  obscurity  with,  regard  tO  the  principle  of 
Mr  Leslie's  explanation ;  for  admitting,  that  a  chain  of  vi^ 
brations  may  be  established  in  m  elastic  medium  from  a 
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hei^tdd  8iitfiM»i  it  is  not  obttCMis  how  eadi  pulsation  should 
be  acoompankd  with  a  discharge  of  the  beat  by  which  it 
bad  beoi  leaidted.  O  if  there  is  any  necessary  connedion 
between  these  ^y^itSy  tb^iB  renMons  the  difficulty  of  account- 
ing for  the  sl$iw  "communieatibo  of  caloric  through  e)aB« 
tic  fluids^  The- hypothesis,  too»-  is  incompatible  with.&e 
xesute  of  the  ciqierinM&nts  of  Herschel  and  Englefiddg 
wh|di  establish  the  esdirteniee  <^  a  solar  calorific  matter^ 
capable  of  raj^d  projectile  ^notion.  These  experiflients, 
however^  Mr  Lei^  considers  as  fidlaicious* 

It  has  somcftimes  been  conceived  that  radiant  caloric  is 
a  ^lecies  of  light.  JDt  Hutton,  assuming  that  the  beating 
pow^s  of  the  different  species  of  wible  light  are  not  pro* 
pbi!ti<»al  to  their  power  of  exciting  vision,  supposed  there 
mi|^t  be  a  q>ecies  of  Ught  cifiable  of  exciting  temperature 
without  exciting  this  sensation,  and  such  he  conceiyed  ta 
be  radiant  caloric.  Such  an  hypothesis  must  appear  doubt« 
fol*.  So  far  as  we  can  Jtrjsce,  radiant  cal<M^c  has  all  the  pror 
perties  of  caloric  conveyed  by  slow  communication,  and  the 
drcnmstfuice  pf  its  assuming  a  state  of  pi^ojectile  motiout^if' 
it  ai^ually  do  so,  is  insu^cient  to  identify  it  with  lights  It 
exerts  none  of  the  chemical  agendes  of  light  And  the  very 
basis  c^  the  hypothesis  is- subverted ;  for,  as  is  afterwards  to 
be  stated,  it  is  uncertain  if  any  of  the  rays  of  light  apart  from 
^alorjc  have  a  heating  {tower.  Yet  the  fact  already  stated^ 
that  the  radiant  caloric  projected  at  a  high  temperature  pe- 
netrates transparent  media  with  more  facility,  shews  some 
approximation  to  the  properties  of  light,  and  it  is  conceiv* 
able  that  a  higher  degree  of  the  same  power  might  render 
them  capable  of  penetrating  the  organ  of  vision,  and  ex- 
citing the  sensation  of  light, 
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It  k  'im  iniei^osling  sittjeet  of  mv^figiilibifi j Wltut  n  ilie 
xelauob  between  tli^  Wo  modes  in  wbkli  4|dcftio  fe  disi 
dittl'ged  fi»m  bodiCB,  :;^|lb3r  rk&tia^y  4inA  thftt  ^^## 
eotnmcmioalion  i  Thcire  ap{3N!ax^  m  g«tfi&rii>,  r€a^  to 
fer,  tba^  Ihose  whajbh)  £il>a;igr^en  tanpi^rmtive  gilre^off  BHHt 
UMitoric  by  ibampiu&dektimV'di^eli^ge.^ea^  by  rdieliaiioti^ 
•iid  o/c^  «7frid?^«^]iietalSy  for  iamnipler  iiad$lOi%)iQpei^el^ 
wbile  th^iey  yield  '0aS«rie  »adfty  by>^eoiyi^ttiiicalioh,^h 
gilu»  is,  vv^h  regsLrd  tolhidse  propertf^  the  .revei^.      *.  ' 

An  inquiry  oreqwAi]bfHEH^nooi6,' Wii^^^  dbeft 

ibe  oftbvic  disefaatged  l:)y  radiation  fibm  ^a  %odj^  soaring 
iredactibn  of  temperature  bear  to  that  ^^eo  out  by  slo# 
eommunication 7  l^e^itifluence  <^  ^aeh  of  these  mpdes  is 
Miabliihed  by  num^iis  fa^  That  of  ^low^  comtemnea-* 
tion  as.^dUihewn  by  ihe  dtl^reill  degi«ees  of  (ferity  ^Mfk 
which  a  body  c6oI^  acceding  to  the  cotidHeliBg  fibir^r  ^ 
the  medium. with  wi&h  it  is  ineobiacti  or  ae^f^ag iss 
the  coiiduoting  powar  is  :Gi'?ouf ad  l^y  freqilent  renewal  ^of 
that  medium^  as,  ^  essamfiei  by  th<&  appUeation^ofa  emri- 
rent  of  air,  or  a^«|tf  on  i^  a  IU^eM.  The  infloence  of  ira- 
diatidn  is  not  Mss  impdrtahtV  i^-has,  in  parfieiilar^'^een 
fBttabHshed  by  s6me'  expeiim^Bts  bf  Mr  Ledie  on  the  €el^ 
xity  of  cooling  in  vessds,  wUk^  radiEtte  cakf jtIc  une^ally  $ 
water,  for  example,  cooling  mm  ^pSskly  in  a  tin  vessel 
coated  with  lamp-blackl:|utn  when  dean,  the  eoatifig,  thougb 
diminishing  the  conducting  power,  inore  than  comp^iisating 
for  this  by  increasing  the  radiating  power. 

The  proporti<m  between  the  two  must  be  considerably 
dependent  on  the  temperature  Bt  which  the  estimate  is 
made ;  for  at  high  temperatures  the  cocking  by  slow  com* 
munication  will  be  accelerated  by  the  more  rapid  current 
formed  in  the  surrounding  medium  from  the  heated  sur* 
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fitee,'  iveliSe'  ^this  ean  Havi  ho  eifed  fm  tije  radffttioti.  Mr 
|jesCe  citnitKiJJed  fir^ili4ii«'^^^  dmt  Aft  low  temper 

iMttr^  ttife  ibeivt  lost  by  the  ^ii^ect  cbiittnciliidati0ii  is  mAe^ 
what  leto,'  and  ftt  Mghin*  iten^^tures  eonsiderriifly  grealber 
thafn  what  Id  lost  by  ttidiatiohi  Accot^ing  toODeliirochef 
#6^qukntii;^'of  ^eat  gitien  but  by  a  iidt  tfody  ma  giv^ 
tSttieby  iriMlilitieh'to  a  c61d^o<ie>  at  ftdlstanciey  iiicl'easies*iii 
a  gireatef  fatid  than'  die^^xcesa  bf  ten^perature  of  the  first 
body  abc^e  the  second.  - 

^  The  influ^iiWof  the'ciituiiiisN)!^^  oHinec^ted  widi  radi* 
|kH6n  on  nifrf^tfohV  giv^ffoe  to  Mkiie  m.^  rdiler  dn^ 
gitlar,  and'tp  ^oiiie  practical  apj^ibltibiiB  of  coDiSderaMa 
importance.  Thus  water  cools  more  quickly  in  a  metaffiii 
vessel,  the  outside  of  which  is  Uackened,  ebaled  with  var- 
ilish,  or  even  covered  widi  linen,  that  when  dean>and  po« 
Bihttdj  as  thete^  cdverihg^aceeferate  the  radiation.  Henoei 
ill  coifduding  the  process  of  artifieisi  refrigeration,  vessdb 
nHdi  #iidl  cdfttiags  wiB  a8ow  it  to  be  perfimned  most  quidc- 
]y  $  fet^^tbit  same  reason,  ;wfaa^  the  object  is  h^  c^ndenise 
viqionr  ^  steam,  its,  for-exaa^^  in  applying  this  ccrndttit* 
aation  t6  pvotiif e  heat,  t^e  external  Surface  of  the  tuber 
through  wUdh  the  steam"  passes  ought  to  be  pai!)ted  or 
Uaekenisd  i  wl^e^  tf  it  is  of  iniportaiM^  to  prevent  as  itonbh 
M  possible  Ae  cdndensatidn,  as  in  eonveytnrg  steam,  or  ap- 
^ing  i(»  dtME^ty  s^  k  mechanical  power,  the  external 
surface  ought  tb  be  clean  and  bright. 
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•  The  law  observed  by  a  body  in  cooling,  in  whatever 
mode  the  caloric  be  givett  out  from  it,  whether  by  radia- 
tion  oceommlim^tion,  has  b^en  frequently^  a  subject  of 
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investigtftioB.  llie  higher  the  temperature.  is»  a  larger 
quanti^  of  ipalorie  }b  givei^  out  in  a  givf  n  time^  and^  of 
course,  the  nearer  a  heated  hody  ^^oadbes  to  the  tm* 
perifttttre  of  the  surrounding  medium,  onaUer  portions.  a|:« 
evolved*.  N«ewton. supposed  that  the  progressian  is  gmno- 
trieal,  t^chig  iht  tipesiin  arithfnaticalprog^essicm,  and  this 
kw  appeal  to  be  estaUlsbed^by  the  experiments  of  Kraft 
and  I^ichmaur  Martine  inferred  that  the  decrements  of 
temperature  in  a  body  cooling  are  partly  equable^  apd  pact- 
ly  in  prop(»rtion  to  the  subsisting  heats^  and  Mr  Ledie 
has  drawn  the  conduaon^from  his  experiments^  that  the 
rate  of  cooling  follows  a  highef  ratio  than  the  di#erenoe  of. 
temperature^ 


.'  A  singidar  phenomenon  connected  with  the  radiatkm  <if 
caloric  is  the  apparent  radiaticm  o&coid.    When  a  cqU' 
body,  as  a  mass  of  ice^  is  placed  in  the  fiicus  of  one  of  the 
mirrors,  the  thermometer  in  the  oj^KMUte  focus  instimtly 
suffers  a  fcduction  of  temperature,  greater  as  the  eoU  of 
the  body  is  more  intense*    The  experiment  was*  made.  M 
an  early  period  by  the  FlorentiBe  Academicians,  but  it  had 
not  attracted  notice  until  again  performed  |by  Pictet.    Mr 
Leslie  bas  since  ascertained,  that  the  phenomena,  with  re« 
gard  to  this  apparent  radiation  of  cM^  are  the  sai9e  as  ior- 
the  radiation  of  heat,  and  tbp  same  laws  ^re  observed*    ip. 
is  greatest  at  a  given  temperature  ftom  a  black^ied  sur* 
face,  rather  less  from  a  sur&ce  of  glass,  and  much  less  from 
one  of  metal  i  it  is  reflected  by  a  metallic  sur&ce,  from  a 
glass  surface  the  reflection  is  much  less  perfect,  an^in 
consequence  of  this,  the  frigorific  effect  is  greatest  wbm- 
4he  bulb  of  the  thermometer  is  of  glass^  and  especially  wb^2| 
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it  is  Uackenedt,  ^ile  it  ii^  inconsideraMe  when  the  bulb  is 
gilt. ,  He  coinp»-ative  powers  of  differetit  surfaces  in  ra» 
diiitlng,  reflecting^  and  absoi'bing  cold,  ate  tblis  exactly  the^ 
iteme  as  their  powers  ^fradiatifigs  reflecting,  and  abscHf^b* 
ing  heat  Hie  efi^ts  of  interposed  skreens  toO^^r  Les« 
lite  Ibttttd  to  be  similar.  A  metaBic  dcreen  edsnpletely  ar- 
rests the  firigorific  effect^  while^oine  of  glass  allows  it  to  take 
p}4ee  to  a  certain  0tt^t^  cHore  or  less  according  to  its 
proxkmty  to  the  cold  body. 

CM  bdng  meiely  the  negation  of  lieat,  tad  not  ^vising 
fktfm  the  action  of  any  poaitire  power,  tins  result  of  a  ftt^ 
gOi^  radMbn  appe^  at  first  view  extr^tnely  singolar> 
and  dificult  of  exf^ni^ion,  in  conformity  to  this  princi{de« 
The  diminution  df  tempecature  has  been  ascribed  to  the 
radiation  of  caloric  fifom  the  thermometer  i  and  in-  a  gene* 
rti  pokit  of  view  Ah  appears  to  be  just,  though  there  b 
some  iffifficiiity  in  ei|ibiiiing  how  the  eold  body  acts  in  pro- 
dneing  this  radiatioo.  Prevost  supposed  that  there  is  a 
constaat  interchange  of  heiir  between  .bodies  by  radiation^ 
the  quantUy  radkled  fay  eadi;  being  less  astbe  temperature 
is  low  $  when  two  bodies,  thereforei  at  decent  tempera-^' 
taiet,  are  placed,  as  in  the  arrangem^it  which  constitutes 
.thisexpeinm«it,  one  in  the  focos  of  eadi.  mirror,  so  as  to 
.^(dude  the  aetion  0i  odiers,  and  concentrate  that  from^ 
e«eh,  there  will  be  suisfa  an  interchange  of  caloric  between 
them  according  t<^  thdr  teo^ratupes  i  the  thermometer 
iii'lhe  focQs  of  the  mirror  radiates,  caloric,  the  c^  body 
in4fie  opposite  focus  likewise  gives  off  caloric  by  radiation, 
biittUhi  being  less  than  what  is  radiated  from  the  therau>- 
tnet^,  the  latter  receives  less  than  it  gives  out,  and  its  t^- 
peratare' falls.  This  explaiuition  appears  to  account  for  the 
genelral  result)  but  it  iails  in  accounting  for  the  effect  of  dif«  > 
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fereht  surfaces  in  radiating  cold  i  for  according  to  the  the- 
oiy,  the  snrfaoe  of  the  cold  body  which  relates  le^st  calo- 
ric at  a  given  temperaturey  that  is,  the  metalUG  snr&ce» 
ought  to  pirodiice  the  greatest  cqldj  iKrhll^  th^^  Sf\^  i^wpre- 
cisely  the  rereinie.  Piet«^t  adv^cj^  a  diffisrenl  h}^tlHKH$ 
founded  on  the  assumption,  that  while  an  eqiialitj!  of  teni- 
peratore  eaiisis  amoi^  a  msabegp  of  con^ig^etts  jM^li^ft  th? 
Gfiloric  is  quie^B^ut,  pr,  rath^erii^  ii;i  an  eqaeS^ty  e^fj^mM 
among  them  all,  and  there  i^  &o  radiation  6r^99,.iliq^ipf 
Ihem  i  but  wh^  one'^  at  a  low  teB^perl^||r«  i&  introdll^^ 
caloric  radiates  tow^i^  it  to  restore  the  ^uiSbnpm^  Hfm^ 
the  placing  the  cold  body  in  th^  S^ew  of  the  iM^ror^  ^^icse^ 
jT^diation  from  the bi4b:pf  the  tb^mom^mv^  the»4BHpt»iite 
£iou%^the  mirrors  saving  to  i^aflect  it^  m^eonomtJ^fiik^ 
e^ecty  im  explanation  not  liaUe.  to  tbp  difficulty  whidt  .«ib- 
tends  di^  oth€^» ,  jEbr  the  radiation  fyim  Ae.  therausmoter 
taiking  place  in  coii^^qu^ice  of  4h«ii»^ian  of  fJpe  odidm^ 
&cei  will  be  regulated  by  it,  and  that  suif&ce.whiidi  abootba 
radiant  cabtic  most  reaiUiyf  tlmt  is  the  blackMaL^itfao^ 
willf  in  Goiesequence  oi  this^  produce  the  greatest^dfia^jrtfb 
dfect.  Mr  L^Iie  has  appbed  hkr  theory  of. a&ial  pidsft- 
lions  to  the  sos^e  phenomen<ni^*^the  coU  aurfiioe,bmg 
supposed  to  abstract  caloric  fipom  die  cont%iiofm>  Ifayer  of 
air,  whence  a  momentary  contraction  fc&mBi  uid  a^  chain 
of  pulsations,  accompanied  with  discharges  of  b^El^is  este^ 
blidbed  to  the.  cold  body  by  the  medium  of  the  nurrms 
from  the  thermometer.  This  h3^Qdiesis  wilio£e(Hirsi»  be 
adopted  only  if  the  general  theory  of  radiant  heal4spiSBd« 
mg  on  aerial  pulsations  were  xecdved^   / 
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Sect.  I V.-^(%i  ike  Oompan^we  QuanUiies  €f  Oalme 

tonktin^m  Bodies* 


'  •  CiaMtxc  has  frtendenqr  to  diflhse  itkelf  drer  matter  till* 
iit'k^prodttee  Im  eqdilibriani  of  temperature*  Hencoy  wheii 
It  niftnhttr  of  tNNfieft'uneqiiaBy  heatfd  are  plaoed  near  each 
^Aetj  a  eommoyicatioii  of  it  taloes  phdtf  until  a  .oofB»OQ 
tcaapieratiirB  ife  <irtrf>liflibcd  among  thgm; 

F^mn  thAi- ttmkncy  (d  totm  an  etjpalitjr.  of  temperatore^ 
it-tadl^tpetiiapfrbs  iBfasted/  dtfit  .caloric  ^ffiiwft  itaeK  e< 
KpuHjwer  matter  ;  thai  it  nrfll  thersfofe  be  ooittauiBd  iii 
todi^  in  qantity  pvopioc^sal  t»  tii4  qwotity  cf  m«lter» 
0P4kat  equal  weiff^  :o£  di8a»nt  porliioattidf  matter  will 
^ona^am  at  the  aame  ^empet al»w  ofoai  ifaaixtities  of  :tfai^ 
pOtfciT*  ...        ' 

^]1bs»  laar  k  obserrid  in  the  distiS)^  ofcabricin  ho« 
mogpneopr bodies^  diien^tportibtt^  of  tbe^aame fcijfid  (q£ 
mattae  oantaining^  it  pfopdftionid  ibo  their  teaoiperatares  and 

« 

^ilaiitil^'of  matter  I  or  at  ieast  the  dBMEtioo,  ^k  rc^fl 
to  temperature^  is  inoQiuiderahlei  if  it  et^-  exist* 
'  Bat  jtt  hetarogpieotia  bodfei'8  diieraie  hm  sirobsertisd ; 
-each  coaitiiiiift  ^  ^^antity  peeufiar-  to  itself^  reqaiiute-  to  prot- 
di^ee  its  tenqperatttre  *^  nor  ai^eithel-e  perhaps  any  two  bo-^ 
^tes^  whieh»  in  eqm^  we^hls  aiid  at  aqaai  teni|ieratiit)es» 
contain  the  same  quantity  of  caloricu  ^ts  was  first  ob* 
aarred  by  Boerhaave,  with  regard  to  quicksilver  and  water. 
T^  flnbject  waf^  preaecated  by  Kack>  Wikk^  Irvine,  and 
Crawford;  and  from  their  xeseardMs  the  general  liiw  ba» 
been  estaUishedt  &at  at  any  temperature^  different  bodie9> 
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in  equal  qtiimtities,  ^wiiether  estimated  by  weight  or  vol&mey 
eontain  unequal  quantities  of  caldric. 

This  truth  is  established*  when  we  attend  to  the  augmen- 
tation of  temperature  .in  difierent  bodies  exposed  to  a  com- 
mon  source  of  heat*  TJiey  are^  after,  a  certain  time,  rai- 
sed to  a  common  temperature ;  but  in  suffering  this  rise^  it 
will  be  found  that  they  hiave  absorbed  veiy  different  quan- 
tities of  caloric.  Supposing,  therefore^  that  at  the  com- 
mencement of  the  experiment  they  contained  the  same 
quantity,  thqr.mHst,  at  the  temperature  U^  which  th^  are 
elevated,  conlain  uiMqual,.quantities.  But  it  mif^t  equal- 
]|y  be  proved,  that  th^  quantities  ln^st  have  bfen  unequal 
at  the  temperature  from  which  they  wpre  raised ;  for.  in  be^ 
ginning  th^  e:q>eriment  iQwer  in  the  scale  of  heat,  they 
would  have  required  unequal  quantitWs  to  raise. ^t^em  to 
this  f  and  this  arising  from  some  proper4;y  in  the  bodies 
themselves,  which  wiUalways  continue  to  operate,  wo n^ay 
conclude  that  at  any  temper^ure  the  quau  titles  they  con- 
tain are  unequal.  The  same  conclusion  is  estaUished  by 
communicating  an  equal  quantity  of  caloric  to  equal  quan- 
tities of  two  bodies  at  the  same  tanperature,-<-*watar  and 
quicksilver  for  examine;  the  augmj^:^atton  of, temperature 
which  this  will  produce  will  be  very  dififerent  in  each ;  it 
will  amount  to  2S  degjrees  in.th^  qnicksUver,  when  itjs  on- 
ly one  in  the  water :  wq  infer,  tjierefore,  that  watieariequires 
28  times  more  calorie  than  quicksilver  lo  raise  it^  tempe* 
rature,  and,  of  course,  that  at  a  givm  temperature  it  con- 
tains a  quantityjso  much  la^i^r. 

,  The  general  form  of  experiment  by  which  this  truth,  is 
demonstrated,  and  by  which  also  the,. con^arative  quanti- 
ties of  caloric  that  bodies  contain  are  determined,  consists 
in  mixing  together  determinate  quantities  of  bodiesat  di£- 
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feretit  t^iperatoires,  and  obsienrang  the  result ;  for  the  boi- 
ter  conitmimaiting  «i^  portion  of  its  cblorie  to  tlie  cbl^er, 
we.tefii  fmm  the  tcnupercture  tl»t  is  estabiisbed  tin  the 
mixt lire,  discover  hfM  milch  tiie  tetnpeitittire  of  the  mte 
has  been  diminisbM  by  the  dbstmetton  of  this  c^ric^  and 

how  much  that  of  the  othei'  blu»  been  inkied  by  ilst:biii- 

• 

irtunication,  and,  of  cdursb,iee  disebvier  what  ({imi^ity^^adi 
requires  to  produce  a  cevtain  change;  .      '  ^ 

'  In  homogeneous  bodies,  the  temperatore  produced  by 
tbe  mixture  jyf^eqasl  portions  of  them  nt  diluent  Itempe- 
ratores  is'  the  arithmeitc^  ineiot  between  the^i»iaperaturie 
of^acb';  the  excess  of  cah»4ewhidi  the  omt  ocoxtaiits  ibdvie 
the  other  bei^g  equally  divided  between  ihienf,  trndpifodii- 
^ing'the  saAle  ris6  of '^tefaaperatnre  in  the  one  poition^  a^  it  ' 
.lldbs  of  reductibn  of  temperature  in  theoth^*  Sat  when 
the  same  efxpeitment  h  made  with  two^  heterogeneous  bd- 
"dies,*  the  result  k  difibrent ;  the  tempc^tore  produced  ne^ 
ver  being  the  mean  of  the  twt>  original  tcrmperature^  Thus, 
if  one  p6und  oC^^ater,  At  the  temperaMre  ofi  56,  be  mix^ 
ed  Mdth  one  pound  of  m^cury  at  <he.  tem^rature  of  40, 
the  tempef'attire  which  results  is  not  the  ari&metioil  mean, 
98,  but  k  not  less  tfadn  132.  This  prcftes^  that  ^e  change 
of  temperature  produced  iti  tlie  one  by  a  cemin  quantity 
of  caloric  is  eniiiisly  difibf^nt  friSm  that'  produced  iti  the 
mh^r  by  the  ssHaie  i)u«nttty  ^  for  the  water  in  this  expert^ 
ment  havipg  had  its  temperaeui?e  reduced  froim  156  to 
X32>'  has  suffered  ^  redddton  of  only  4  degrees ;  but  the 
t^aloric  whieh^  produced  ^th^e  having  be^  communicated 
f0'the  inercury  has  rai^it^  tentpemtum  mot  less  dian 
1 12'  tf  feg^ees.  Ttie  quatitiiy  of  caloric,  Aerefote,  necessary 
to  rktse  tbd  temperature  of  one  pound  of  water  4  degrees, 
*  k  sufllcieiit  to  raise  that  of  an  equal  weight  of  mercury 
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lis  degrees ;  or  the  quandty  rcqoiftite  to  raise  the  teia<» 
.peratore  of  mie  of  these  flaids  one  degree,  ruaes  the  other 
2%*  This  will  be  the  case  at  every  tenipenttiire;  aod  there- 
fore at  any  point  in  the  seale  of  heat,  the  qoantity  of  calo- 
ric contained  in  water  is  to  that  ccmtained  in  the  same 
weight  of  mefcnry  as  28  to  I. 

If  the  experimeiit  is  i^aried  by  mixing  water  at  a  low, 
and  mercury  at  a  high  temperatnr^  the  result  is  the  same. 
If  one  pound  of  mercury,  at  156^  be  mixed  with  one 
pound  c£  water  at  vO^  the  temperature  prodneed  is  44. 
The  mercury  has  kista  qnanti^  of  caloric,  which  has  reduc- 
ed its  temperature  1 12  degrees^  and  this  quantity  his  rais- 
ed that  of  the  water  4*  In  this  manner,  when  equal  weights 
of  two  difierait  bodies  are  mixed  t(^edier,  the  tempen- 
ture  produced  is  always  nearer  to  the  temperature  of  that 
body  which  contains  the  greatest  quantity  of  c^ric,  be- 
cause it  requires  th^  greatest  quan^y  to  produce  in  its 
tempersttore  any  change  The  proportion  i$  ako  indicated 
hy  Uie  experiment ;  the  comparative  quantities  of  caloric 
contained  in  the  two  bodies  bdng  in  the  inverse  ratio  to 
the  change  of  temperature  in  each  by  their  mixture.  The 
general  formula,  therefore,  is  to  multiply  the  weight  of 
each  body  l^  the  numbe/  of  degrees  between  its  original 
temperature,  and  the  common*  temperature  obtiuned  by 
their  mixture.  Hie  comparative  quantities  of  caloric  they 
contam  are  inve^ly  as  the  products. 

When,  instead  of  comparing  the.quantities  of  caloric 
which  equal  weigits  of  different  bodies  contain,  we  com- 
pare the  quantities  contained  in  equal  votumest  we  find  that 
a  similar  difference  exists.  Thus  the;  quantity  of  caloric 
necessary  to  raise  the  temperature  of  a  given  volume  of  wa- 
tpr  any  nuvby  of  d^rees,  is  to  that  necessary  to  raise  an 


0qaiA  volume  tfttierc&ry  the  sdme  number  of  degressi  as  2^^ 
to  1.  Thk  is^icreibre  the  proportioii  between  the  com 
<pf^atrre  qufthtitieft  of  calorie  whieh  these  tv9k>bod^<^  eon- 
tiaih>  estimaled  by  their  rolumei^ ; '  and  sihtitar  diffei^ddes 
^fet  iHth' respect  id' ev^  c^her  kind  of-iiiatter,  Thfe 
compliTatiTe' quantities  c(f  k»ld^td  in  bodi^  are  usiiaHy  ^ 
timated  ffc'om  equal  Vefghls ;  the  expcHtneriU  fof  this  |}ur- 
po^e  being  ttio^  €li»ly  dke^uted  with  aeeuracy/thon  those 
by  wbicm'  tbe^  are  estimated  frohi  eqvtA  i^olnmes.       "       * 

In  mAkiilg  these  experiments'  on  solid  bddi^s^^  th^-soM» 
beateel  to  a  certain  t^ltti^^rattit^igaleraa/W^^  by  im-^^ 
tn£frdi6n  in  boiling  water; -is  transferred  mto  a^  measured 
portion  of  icold  water,  ahdtbe  (»ange  of  temperature  in 
each  is  observed.  In  experiments  in  which -ijirater  would 
etiter  into  chemical  eombinatibtl  with  the  body  submitted 
to  trial,  some  other  substance  must  be  Used*  In  this  mode 
a  very  ^xtensivfe*  series  of  experiments  was  executed  with 
gi^at  care  by  Dr  Crawford  j  others  were  p^rfbttned  by  Ir^- 
Tine  and  Wilcfce.  '  • 

It  is  however  difficult  of  execution  so  as  to  attain  per«- 
feet  accuirat^,  from  several  sources  of  error  to  Which  It  is 
exposed.  A  certain  time  is  reqiiii^ed  before  the  common 
temperature  is  established,  durkig  which,  'part  of  thelieat 
is  abstracted  by  ^e  vessel,  and  by  the  extarnalair  ;  ami 
this  ii  different  in  different  cases,  bei^g  influenced  by  the 
^bBbrence  of  :specifie  gravity  in  the  substances  V^)e^ated  on, 
the  facility  with  #hich  they  mix,  their  conducting  powers, 
thequwtkies  operated  oti,  and  the  agitation  cotununica^ 
ted'.    Hence  other  nvethods  have  been  ^rOpoded. 

The  princi^l  of  these  is' by  auf  mstmmc^t  contrive  by 
Lavoisier  aflid  La  Place.  *  Ice,  in  meltlikgy  absorbs  a  quan- 
tity of  caloric,  which  does  not  raise  its  temperattire  ;  this 
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quantity  being  uniformly  the  same^' or  equal  to  what  i^uld 
r#ise  the  temperature  of  the  same  weight  of  ice^old  w-ater 
iS^  degrees  of  Fahrenheit's  scale.  .  If»  therefore^any  hodj 
at  a  high  temperatare  be  jqcIom^  in  a  spfa^feof  ice,  sq  (^ 
^  the  caloric  it  gives  oat  in  ciajoling  is  OQmmunicat^^ entirely 
to  the  ice»  the  quantity  which  ha$  been  given  mt  ^ay.  be 
inferred' li:om  4he  quantity  of  tee  melted,  or  yi^t^  pro^uo- 
4id,  On  this  is  foMndfd  the  conduction  of  the  QJerime- 
ter»  repi^^seoted.FIaie  II.  Fig>.lO.  It  consists  oCtln^e  ves- 
sels,. ^'B,  C,  adsmied  to,  each  <  other >  aQd  inserted  the  one 
within  the  other,  ^afi.to^)eavec«  cavity  between  the  $idei$ 
<^f  each*  A  is  a  cage  of  iron  net^woik^  designed  to  conjUiin 
the  lx>dy  subjected  to  experiment,  which,.  if<  solid,  is  plab-' 
igd  withim  it,  heated  to  a  certain  temperature  $  if  liquid,  is 
inclosed  in  a  glass  mati^ss^  the  second  vessel,  Bi^  is  d^ 
signed  to  contfiin  tlie  ice^  broken  into  small  pieces,  and 
41ig>ported  on  an  iron-gcati^  at  ^he  bottom,,  through  which 
the. water  fikrates,  and  is  conveyed  off  by  a  pipe  with  a 
stop-cock  a,  which  comes  from  the  bottom  of  the  vessel:  it 
ha$  SL^  dcmble  cover  6,  also  adapted  to  it,  capable  of  con- 
taini^gjqe>'the'lind(^  part  of  which  is  perforated,  so  that 
the  w^ter  formed  fl*dm  the  melting  of  the  ice.it  .contains 
may  4f<)p>i>^to  the  cavUyr  and  be  collected; to  be  mefhsiired. 
n^he  -third  vessel,  Q,  h  simSar  in  its  construction  to  the  se- 
cond ;  it  is  filled  with  pounded  ice,  and  the  int^tips^  of  it 
is  to  prevent  the  f^ticy  of  the  exiemal  atmosphere^  whicE, 
if  above  $2^,  would  cojEdmunicatetalonc  to  the  ice,dC9)trio 
bute  toits fudion,  and  preiveot  th^  quantity  oCi^i^ater  pn>- 
dnced  froin  being  an  accurate  tt^asiare  of  the  quaCitity  (^ 
caloric  which*  ^^  hot  body,  bad  given  out ;  or  if  below  92*^, 
ipould  abstract  calOtic,^al¥}  lessen  the  quantity  that  would 
he'm^ted» 
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Ttusmedbod  is  free  from  those  sourcpa  of  error  to  iv^bich 
the  laotfe  by  mixture  is  liablew :  Bint  it  is  exposed  to  otbers^ 
which  render  its  accuracy  doubtfiiL  It  is.  difficult  to  (sstir 
mate  the  quantity:  of  watev  praduced  from  the  fusion  of  the 
ice  ;  for  a  porti())i  of  it  .is.  retnned  by  capillary  attraction 
id  the  interstices  of  the  mass;/  and  riX)m  aome.expeiiioeiaif 
it  appears,  that -a  portion  of  the  water,  produced  in^tba  up^ 
per  pfti*t  of  theapparatos^  in.  filtrating  through  thetiiaeibe; 
oeath^  is  again  congealed,  probably  fromi  theinflueiicc  pf 
the  force  of  cohesion  exerted  from  the  surfaces  of  the  frag« 
menteofice^  .  ■  ■      \.      >     '. 

'  The  comparative  quantities  of  caloric  in*  bodies  haye 
4)een  attemp^d  to  be  estimated  from  observing  the  timets 
equal  volumes  of  them  reqMire  to  eool.  thioi^h  a  certain 
interval  of  the  therniometric  scafe^  the  times  beingasthn 
quantities  estimated  by  the  volumci  and,  if  idivideUtby  the 
specific  gravity  of  the  substance  operated)  on^tas  ^estimated 
by  the  w^ht.  But  the  pirinciple  of  ^his  method  appears 
not  qriit^  correct,  the  times  of  cooling  bemg  infliiencied  by. 
other  circumstances,  and  particularly  by  the  conducting 
and  radiating  power.  .  .  i  •  >  .* 

Some  methods  have  been  employe^  peculiar* to  theaec^ 
rial  fluids.  The  difficulties  iailM^ertaioiDg  the  quantities  of 
caloric,  correspcxiding  with  the  changes  of  temperature  in 
^tbese  by  mixture,  are  extreme^  gt*^t,  fromi  the  smaUness 
of  the  quantity  we  can  operate  on,  compared  with  the  iso** 
lume  the  air  occupies:  and  in  Dr  Craw&rd^s  experiments. 
by  this  method,  it  required  instrumenta  extremely  delicate^ 
and  very  minute  prcc^utioqs  to  guard  against  errors.  In 
the  mode  by  the  calorimeter^  the  .errors  from  this  source 
are  somewhat  diminished,  from  the  qnantiiy  operated  on 
being  larger ;  the  aerial  fluid  being  passed  through  the  iu>* 
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stnunent  by  a  ipiral  tube^  the  temperature  as  it  entees  atid 
passes  out  being  ascertained  by  tbermnmeters.  Mr  Lesfie 
obsenred,  that  when  a  porticm  of  air  is  rarified  in  a  renA, 
and  time  is  aUowed  for  its  recoTering  the  temperature  of 
the  surrounding  medium,  on  admitting  suddenly  another 
pcxtioQ  of  air  into  the  partial  vacuum,  the  rarified  air 
is  conq>res8ed ;  it  hence  gives  out  a  quantity  of  caloric, 
and  this,  commnnicated  to  the  air  which  has  been  admit- 
ted, raises  its  temperature.  But  the  rise  will  be  kss,  as 
this  air  requires  more  caloric  to  produce  in  it  a  given 
change  of  temperature ;  and  therefore  in  operating  on  dif- 
ferent aerial  fluids,  the- comparative  quantities  may  be  dis« 
covered  from  the  respective  elevations  of  temperature.  The 
method  is  extremely  ingenious,  but  attended  with  oonsi- 
derable  difficulties  in  the  execution,  so  as  to  attain  accura- 
cy, and  accordingly  the  results  have  been  stated  diffiar^it- 
ly,  from  a  repetition  of  the  experiments  by  6ay<-Lnssac. 

The  comparative  quantities  of  caloric  in  the  aerud  fluids 
have  lately  been  made  the  subject  of  experiment  by  Messrs 
Dlelaroche  and  Berard.  Their  method  consists  essen- 
'  tially  in  causing  a  current  of  the  air  submitted  to  trial  to 
pass,  at  a  certain  hi^  temperature,  through  a  spiral  tube 
placed  in  a  cylinder  of  coppl&r  filled  with  water,  asceitain- 
ing  ibe  temperature  of  the  air  as  it  enters  the  spmX  tube^ 
and  as  it  issues  from  it,  and  finding  how  much  the  tempe-"^ 
rature  of  the  water  is  raised  b^  the  reduction  of  the  tern* 
peraturc  of  the  air.  The  results  they  have  given  are  very 
different  from  those  of  Crawford.  Tbeir  method  has  the 
advantage,  that  a  larger  quantity  of  air  is  operated  on;  but 
it  is  more  complicated ;  and  is  liable  to  sources  of  fallacy, 
in  applying  a  uniform  current  of  air  without  variations  of 
pressure,  determining  its  temperature  before  and  after  it 
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eol^vihe  tohcy  and  exdhiduqg  the  influence  of  the  sur^ 
roundii^  mediiinu  ;  Their  results  ar^  not  therefore  to  be 
kpfilidlely  received  bx  opposition  to  those  of  Crawford* 
Wfaoie  experiiBents  were  eondacted  with  gi^eat  care  and 
fffedaioQi  ea{)ecial]7  as  some  of  these  results  are  at  variance 
with  some  general  principles  ijprhieh  rest  on  a  very  strict 
and  extfiosive  incbctioQ. 

The  psroperty  by  which  difierent  bodies  contain  their  re- 
i|>ecttve  qiiaistities  of  cak}rie,\has  been  termed  the  Capaci- 
ty for  Heal,  or»  a^pting  the -expression  to  the  modern 
Boxa»iclati|re,  the  Capadly  of  a  body  for  Caloric«  This 
term  is  not .  de$igQed  to  imply  any  theory  with  regard  to 
the  cause  of  this  property^  or  t^e  nature  of  it ;  nor  does  it 
pre^entf  as  has  been  alledged^  a  vague  or  obscure  idea.  It 
is.simply.ag^eral  expression  J,  to  denote  the  prpperty,  in 
t^nseqi^Bce.of  which ». bodies  ccmtain  at  any  given  tempe« 
rature»  in  equal  qnantitiesj  peculiar  quantities  of  caloric. 
That  they  do  so  is  unquestionable,  and  it  is' convenient  to 
have  a  general  term  by  whid^  this  can  be  expressed.  The 
quantity  contained  in  abody^  and  pec,uliar  to  it,  has  been 
named  the  Comparative,  or  the  %)ecific  heat.  The  phrase 
Specific  Caloric  is  generally  adopted. 

What  the  nature  of  this  property  is,  or  from  what  cause 
differ^t  bodies  require  different ,  quantities  of  caloric,  to 
produce  in  them  temperature  to  the  same  extent,  is  not 
easily. determined.  It  is  in  general  true,  that  bodies  which 
are  rare,  have  capacities  for  cak>ric  greater  than  those 
which  ate  more  dense.  It  is  even  found,  that  we  augment 
the  capacity  by  diminishing  the  density  of  any  body ;  the 
rarefaction  of  an  aerial  fluid,  for  example,  in  which  this 
can  be  done  to  the  greatest  extent^  being  attended  with  » 
reduction  df  tonperature  frpm  enlargement  of  capacity, 
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fltid  iU  fxmdeiifiafcion  beiog  falIoired.by  dm  apposKte  wtaek* 
In  Uqttids  or  in  ulids^-  coodenMlion.  is  Vlkemim  WBoaKapB.-^ 
Died  with  a  xioiilar  ckaagd  fioiq  tke^fame  cjoue.  fist,  oL* 
though  there  k  thisgenerat  coontlioii  between  tbe  isritf 
of  a  body^  and  its  capedlj  for  calorie,  it  .is  noi  invariaUe 
or  pr<^rtional$  if  it  vere»  iodeedy  t)ie  quaatities  of  caior 
^  ric  contained  in  bodies  at  given  tesipenilares  iraold  be  as 

their  volumesy<*-a  law  which  is  fiw  finon  beag  observed. 

There  musftf  therefooe».  be  same  other  cawe  by  wUdi 
this  is  modified.  If  w^  regard  caknric  aa  a  material  sub<- 
stance  snfajeci:  to.etpraedon, .  the  attradioA  exerted  to  it  bjF 
the  substance  in  whicfh  it  is  contained  mi^it  be  sufapased 
to  be  the  cause  modifying  j}ieilavir»  whieb  would  otbcuwise 
be  observed  in  its  distribatioOf  and  hf  whicht  i|i  eense* 
qoence  of  its  perfect  elasticity^  it  would  be^ontidiied  in 
bodiesf  in  quantities  pftiportional  to  the  void  tp^oes  be^ 
tween  their  partidesi.  But  the  relatioas  of  dm  a^gettl  a^ 
so  imperfectly  knoiwn^  that  no  theory  ia  which  "^  can 
place  much  ooafidenca  ean  be  given,  and  the  feet.-  muss 
merely  be  stated  as  an  altimate  one^  that  bodies  require 
^cific  quantities  of  calorie  for  the  .{nrodocdon  of  tem-> 
perature. 

A  question  of  some  interest  is,  whether  the. relation  of 
each  body  to  caloric  is  the  same  at  aU  temperatures  ^  in 
other  wordSf  are  their  capacities  uniform  aodp^manait. 
It  is  possible  this  may  not  be.  the  case ;  but  that  the  rise  of 
temperature  itself^  and  the  effects  by  which  it  is  accompa« 
uied  may  give  rise  to  a  change  ia  the  rdation,  so  thi^  a 
greater  or  less  quantity  of  caloric  may  be  required  la  pvo* 
duce  a  giyen  rise  of  temperature,  at  a  high  than  at  a  law 
part  of  the  scale  of  heat  When  the  mechanical  condition 
of  a  body  is  changed,  when  it  passes  to  the  tfbid  or  aei'i^ 
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form  atial0»  tluft  cbooge  i)i^tipmt&tf  sctuaBy  happons*  >  Does 
j» «tey«rfislmi^i.  tbon^kfis  ptoeeplifaie  q^aiiy  pftitiealar 
^kagei  happen  Iffotn^ilh^  progntWYa  ex^nHon  tir  which  eTe- 

,  TMe^pcniniiitby  *wbidi  this>faa»l>e^  attempted  to  he 
determined,  con^igts  in  lahiiflg  eqi»dl  portidtfis  of  the  ^Mxae 
body.  atrdiffcanRit  teiofietfittiisw :  if  tke  capadcy  U  perma- 
nenW  lih^  resttUing  tecnporature  ought*to  be  the  arithmetiw 
^  meani  fiHr  the  hotter  portion  cominuQica&ig  the  half 
<^r}toexcei4iofcakaFiG  tc^lheeoldf^r^  theone,  ifthexapa-' 
oky,  n  the  9tlM  in  etK^  ought  IfO^  su&r  just  as  great  a  re^* 
d0QMonias  the  other  snaudnt  aD  eleiraticH)  of  tanperature  f 
But  if xh^  '^ne.  pcdiim  have  a  g«e«teir  oapedty  than  the  other, 
theo  iHe^ailgctit  midSm  mint  be  less  considerable,  and 
the:  ae^nlliflg:  tecaperotttreniftBt  af^roaeb  nearer  to  its  tern*- 
per^jtur^  tbM  to  that  of  the  other^  and  of  course  deviate 
fr^.  ij^  inefii).  The  expedolent:  is. difficult  of  execution, 
so  as  I;q  4il9iaiil{ietiec(  accuracy,  especially  asno  great  range 
of  temp^atinre  can  be  oubieittfed  to  experiment,  and  as  the 
iUfl^raaqe  in  eapacity»  therefore,  if  it  exist,  cannot  be  ex- 
pected to  be  great*  Dr  Crawford  from  his  experimenti^ 
w^  diipQsed  to  ,condi)de,  that  the  capacities  of  bodies  are 
permanent;  but  he  perha|^  .w$is  sc^ewhat  inflaenoed  in 
drawing  this  oopckision  by  theoretical  views.  It  appears 
to  be^  more  probable  flom  thec^'y,  that  die  capacity  should 
be^  progressive  with  r^jard  to  lemperatture,  or  sboald  be 
greater  in  the  higher  than  in  the  lower  povtioos  of  the  scale 
of  beat'^  £»-  this  property  is  nnquestionably  to  a  certain  ex- 
tent connected  with  the  density  of  bodies,  being  under  a 
gpmaral  .point  of  view  greater  as  they  are  less  dense,  and 
being  increased  in  any  body  when  its  volume  is  enhurged; 
and,  as  rise  of  temperatara  h  accompanied  with  enlarge* 
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meotofrohimo,  this  m^rbeexpectail  togiverUe  to  ntg- 
mentalioii  of  capadtj.  In  my  inttrral  of  tcmperstiire 
whidi  wecm  measare  tltu-may  notbe  cotuider^ei  but 
conudered  in  relation  to  tbe  whole  scale,  we.  cannot  eaa- 
jectiire  iti  amouDt*  fcr  we  know  not  the  ^^tent  of  oqian- 
aien  from  the  commencement  of  the  scale. 

lliere  is  eran  reason  to  donbt  if  tbe  permanence  of  «>• 
pactty  be  established  within  the  rai^  (^  temperature  at 
which  bodies  can  be  easily  submltled  to  experimeot.  The 
oonchision  of  Crawford  rested  very  mw^  ontba  prerioitE 
assumption  of  the  accuracy  of  die  thermometer,  and  ts 
invalidated  if  the  expansions  of  the  tfaermometrical  liquid 
■re  progressive  with  regand  to  temperature,  as  this  would 
counterbalance  the  eilect  Irom  enlai^em^it  of  capacity,  if 
^is  haj^ened,  and  give  rise  to  an  adjustment  whence  the 
efiect  of  nalher  might  be  ^parent.  And,  with  regard  to 
some  bodies,  it  is  ascertained,  even  by  Crawford's  own  fz* 
perimcnts,  as  well  as  hy  those  of  Oodolin,  that  the  Cf^aci* 
ties  are  4iot  permanent,  but  increase  with  the  temperature, 
rendering  therefore  more  probable  the  conclusion  ^atthis 
is  a  general  result. 

The  law  now  illustrated  with  regard  to  the  distribution 
of  caloric  in  bodies  is  of  the  first  importance,  as  giving  tbe 
theory  of  changes  of  temperature  from  chemical  actifm. 
Combination  isalmoirt  invnriably  attended  with  a  change  of 
edacity,  the  capacity  of  the  compound  not  being  the  racan 
of  the  capacities  of  the  bodies  combined.  When  it  is  great- 
er the  temperature  falls ;  when  it  is  less  the  temperature  is 
raised.  On  this  principle  are  explained  the  production  of 
heat  in  combustion,  in  respiration,  and  in  a  numbef  (^ 
chemical. combinations,  and  the  production  of  cold  in  tbe 
solutions  of  salts  in  water,  and  in  what  arc  denominated 
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mixtures.  The  bbjectiotis  which  have  been  nulde 
to  this  theory  have  in  general  arisen  from  misconception 
of  it.  I^me  late  observations,  however,  rexidet  it  not  inb> 
probable  that  the  evolution  of  heat  may,  as  is  to  be  after- 
wards stated,  be  connected  with  changes  of  electric  exci- 
tation I  but  still  changes  of  capacity  have  an  important  ef- 
fect in  its  production,  and  in  many  cases  have  been  expe-^ 
rimentally  ascertained.  L^^^'^^ 

From  the  nature  of  the  methods  by  which  the  quantities 
of  caloric  whiciv  bodies  contain  are  ascertained,  it  is  evi- 
dent  that  we  discover  the  comparative,  not  the.  absolute 
quantities^ .  We  mid  only  how  much  caloric  a  body  gives 
out,  or  absorbs,  during  a  certam  chatige  of  temperature ; 
and  by  observing  the  change  of  temperature  which  the    ^ 
body  from  which  it  has  received,  or  to  which  it  has  given 
caloric,  suffers,  we  may  ascertain  the  comparative  quanti- 
ties necessary  to  produce  equal  changes  of  temperature  in 
these  bodies.     But  we  do  not  learn  the  proportion  which 
the  quantity  in  each  bears  to  the  whole  caloric  which  it 
contains.     Hence  it  becomes  necessary  to  fix  on  one  body 
as  a  standard  to  which  the  others  may  be  referred*   Water 
has  been  chosen  as  this  standard  \  its  capacity  is  stated  at 
the  term  of  1000,  and  with  this  the  capacities  of  other  bo" 
dies  are  compared.     Thus  the  capacity  of  arterial  blood  \% 
lOSO,  indicating,  that  if  at  any  temperature  a  certain  quan- 
tity of  water  contain  iOOO  degrees  of  caloric,  the  same 
quantity  of  arterial  blood  at  the  same  temperature  will  coo^- 
tain  1030  d^rees.     The  capacities  are  usually  referred  to 
'  equal  weights,  nut  to  equal  volumes  of  bodies  ;  but  the  lat- 
ter are  easily  found,  by  multiplying  the  number  expressing 
the  specific  caloric  of  any  body  estimated  by  its  weight,  by 
the  number  which  denotes  the  specific  gravity  of  the  body  ; 
the  product  is  the  specific  caloric  estimated  by  the  volume* 
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■  In  tho  Appendix  will  be  fiiund  a  table,  ia  which  ifie-^pr 
pacities  of  a  number  of  bodies  are  stated  us  eUabliEhed  on 
several  aathorities. 


Sect.  "V—Of  the  Quantities  of  Caloric  -a^iich  Different 
Forms  of  the  same  Bodtf  contain. 

Besides  the  general  law  iHustratL-d  in  tbc  preceding  sec* 
tion,  that  difTcrent  bodies,  at  equal  temperatures,  contain  un- 
equal quantities  of  caloric,  it  has  further  l)eeii  establiehedi 
that  a  similar  law  exists  with  respect  to  the  same  body  id 
its  different  states  uf  aggregation  :  a  body  in  the  fluid  fortn 
contains  more  caloric,  or  requires  a  larger  quantity  to  f^ro- 
duce  a  given  change  of  temperature  in  it,  than  it  does  while 
'  solid ;  and  in  the  state  of  air  or  vapour,  it  requires  stiR 
more  caloric  than  it  does  in  the  liquid  form.  Hence,  when  a 
solid  is  melted,  or  a  liquid  is  converted  into  vapour,  a  quau- 
tity  of  caloric  is  absorbed,  which  has  no  effect  in  producing 
augmentation  of  temperature.  This  gives  rise  to  the  phe-, 
nomena  of  what  has  been  denominated  Latent  Heat,  for 
the  discovery  of  which  we  are  indebted  to  Dr  Black. 

The  truth  of  the  fact  with  regard  _to  this  absorption  of 
caloric,  is  sufficiently  evident,  whcii  the  phenomena  attend- 
ing liquefaction  and  vaporization  are  attentively  examined. 
When  caloric  is  communicated  to  it  solid  body,  increase 
of  temperature  is  produced,  and  this  continues  to  proceed 
while  the  caloric  continues  to  be  added,  until  the  body  ar-  ' 
rives  at  its  melting  point :  but  whenever  it  begins  to  mdt, 
the  rise  of  temperature  ceases,  though  the  addition  of  ca)o> 
ric  be  continued  as  before ;  and  the  fluid,  as  it  forms,  re' 
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mains  at  oo^  point  until  tbe  fusion  js  comfjeted.  I4 
tbis^case,  th^n»Jtd«  evident)  that  aquantity  of  pajoric dia- 
«{^ear9;  for  h  ccv>Unfies  to  be  add^  toUie  bodj^^but  ba$ 
no'efiect  in  raising  iti  temperature*  Tbeease  .10  the  saa^e 
>^eri  a  liqiiid  i^  eooverted  inCo  vapour.  Its  l^anperature 
M  'progpessLvely  raised  td  t)u^ .poiat  at  which  i^  begins  to 
hoUi  by  the  cdmm animation  of  caloric;  but.  though. thb 
commuxtieatioh' be  still  continued^  the  temperature^  neither 
of  die  fluid  .which  is  eYaporating,  nor  of  the.vapDiir  rising 
froia  it,  Isr farther  raised,  but  remains  stationary  al;  that  cie^ 
grteiii  tbeitfaenxMimctrical'  scale  at  which  die  conversion 
MtD'^rapburcdmnxaiced^  until  the  vrhcie  be^cfvaporated* 
It  is^evidenty  tfaei!efore)  that  in.  this  case  aWa.qiianttty  of 
caloric  is  absot'bedi)y  thevapoUF  foixaed,  whfch  hii|s  no  effect 
in .raisii^iit«'teB)perature^^he  liqoid  or  vapoiir,  after  itts 
ftmned^  has  its  temperatiire  raised  by  additions  oC  caIoric^ 
~  "it  msfi'om. considering  these  facts,  that  Dr  Black  coii« 
eluded,  that  during  liquefaction  4ind  vaporization  a  quan^ 
tity  of  caloric  is  bst^  becomes^  latent  or  passes  ^to  thebo- 
(fy  witboit  imisingits  tem.perattlre,-^a  conclusion  which  he 
estidbiUshdd  by  vieiy  simple  but  decisive  experiments,  affbrd- 
isg  anadipirable  example  of  chendicai  research. 
'  'TofHroteitwith  r^ard  to  liquefaction,  be  placed  equal 
pordbnsfof  water  in  i  two  vessel^  cooling  the  one  porticm 
tQi'S2^:withdut  freezing,  and  causing  the  othei^  to  freeze^ 
but  taking  cave  thxit  the  ice  ^ould  not  be  lo^er  than  this 
t«nq»^^fe.  Hiey  were  equally  exposed  to  an  atmos- 
*  pilei^  MBiewhat  wann^,  from  which  of  course  they  received 
faeiity-^^be  temperature  of  theivater  soon  rose,  and,  at  the 
end  of  half  ^  an  hour,'  the  rise  amounted  to  7^.  But  the 
temperature  of  the  ice  remained  stationary  at  32,  though 
it  imwt  "haver  received  caloric  'oqiialJy  with  the  other.     It 
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merely  began  to  melt ;  it  continatd  todo  so  JUmly,  aed  fiir 
its  entire  fusion  10|  hours  were  reqnifed,  daring  whidb  ks 
temperatiire  continned  the  same.  Now,  jii^^;ing  from  Ike 
rise  of  tempenUore  which  the  water  had  sastained  in  half 
an  boor,  and  assuming,  what  there  can  be  no  doobl  o^ 
that  the  ice  received  cahmc  eqoaUy  with  the  water,  it  most 
have  s^Morbed  in  the  time  reqmre4  to  mdt  it,  a  quantity 
of  caloric  equal  to  what  would  have  raised  the  tempentnte 
of  the  same  weight  of  water  139^,  yet  it  sufered  no  mag" 
mentaticm  of  temperature.  This  result  was  confirmed  by 
an  ^riment  made  in  a  different  mannar,  in  whidi  the 
disappearance  of  a  large  portion  of  caloric  is.  rendered  stiH 
more  striking,— adding  a  given  weight  of  ice  at  S2^  to  the 
same  weight  of  water  at  the  temperature  of  172.  The  ice 
was  melted,  but  the  temperature  of  the  whole  liquid  was 
only  32  ^  a  quantity  of  caloric,  therefi»re,  which  reduced 
the  temperature  of  water  140^,  had  in  thist^  as  in  the  for* 
mer  experiment,  disappeared.  'Y 

The  caloric  thus  absorbed  by  ice  in  melting,  Dr  Black 
found  is  again  given  out  when  water  is  congealed*  This, 
he  observed,  is  evident -from,  the  temperature  of  freezing 
water  being  stationary  at  32^,  though  the  temperature  of 
the  surroundii^  medium  may  be  much  lower  than  this  $ 
the  water,as  it  passes  to  the  solid  state,  giving  oat  the  ca? 
loric  it  had  absorbed  when  it  was  formed:  whatever  may 
be  the  celerity  of  the  freezing  from  the  coki  of  the  wr- 
rounding  medium,  the  evolution  of  caloric  must  always  be 
proportional  to  it,  and  hence  the  temperature  cannot  be 
reduced  until  the  whole  is  congealed.  The  temperature 
of  the  ice  will  then  fall  to  that  of  the  matter  around  it. 

Thi^  evolution  of  heat  in  congelation,  Dr  Black  render- 
ed more  sensible  by  direct  experiment.    Haying  added  a 
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ifClle  salt  to  a  portion  of  wateTt  »9  as  to  «iDaft>le^it  ^  kistai^ 
x^doction  of  ^eisiperatttre  bdow  3^  without  firecidng,  b9 
dtposed  it;  with  a  ttinilli^  portion  bf  wator  in  anotber  Tes- 
^li  to  a  €cdd'atmOi$her€^«  Botfar  were  cooled  with  regula**  > 
rhjKt^^^l  but  ^t' this  terapetataxe  ^epure  water  re- 
anlned  stationary*  while  that  with  the  sak  dissplred  io  it 
icoiititiued  to  fidi  lower  %  the  former  must  eqndly  have  bu& 
'fered  tvk  ahstf action  of  caloric  wifb  ^e  httar,  •  but  caloric  ^ 

being 'evd^ediiK>m  its  ooqgelation  prevented  its  !&11^  In 
another  es^p^ittientiDriSladc  cpoled  water,  byamding 
s^tation^  a  nmnber'  of;  degt«eisr  below  its  .u^al  freezing 
'point  Sf^;:  on  aghating^it^  it  cmigeided,  aiid  thetempera- 
aiff^  indMitljr  fdse*  to  S2^  ''from  the  erdliition  of  the  caloric 
peculiar  to  it  in  the  state  of  water/ 
*'  ^fiifiailar  experiments  were  made  by  Dr  Irvine  on  speiv 
maeeti/waX)  add  thi  f  and  they  have  since  beeif  extended 
W  otfad^  bodies^'  and  with  regsM  to  all  the  same  fact  has 
be^n  established^-^a  portion  of  caloric  peculiar  to  each  be- 
fng  absorbed  when  the  body  mdts,  without  causing  any 
rise  of  tempetftture,  and  this  portion  of  caloric  concealed 
io^  tl^  itqttid  becoming  sensible  when  it  is  congealed. 

'  Br  Bbd;:  demonstrated,  that  a  simil&r  phenomenon  ac- 
companies the  other  <^ange  of  state  to  which  bodies  are 
subject^  that  into  vapour  t)r  air,  a  quantity  of  caloric  be- 
htg' absorbed  by  the  body  passing  into  this  state  without 
raiwng  its  temperature,  and  being  evolved  when  it  returns 
to  llie  liquid  form«  This  is  evident  from  the  i^suat  phe* 
n<Hnaoa  of  vaporization  attentively  examined,  neither  the 
liquid  ihxx  the  vapour  rising  firpm'  it  sufiering  any  increase 
of  temperature  after  the  ebullition  has  commenced,  though 
caloric  be  cotlstantly  communicated.    It  was  farther  esta* 
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ilnfaed  by  experuDents  ■aocftataiag  it  with  more  acea wcj, 
vl  iriadng  it  in  «  cimr^  li^.     -. 

A  pcM<Hi  of  vaterin  a  cjrlindcical  «io  T«MeJ  pbnd  «n 
I  heated'iran  pistes  "u  rafacd  in  teropeMMrd  fron  B0°  to- 
112°  in  fear  nrinntest  vbeiv  it  <  began  to  boil;  inlbatlinef 
ba^at^,  h  had  rtctivM  a  qMlantity  of  caloric  capsH^'^ 
biBiD^  A:sr  taropcnUMTctlM*.  IttxNttioMl'to  Ijeilt-and 
wont;  mthut«a  ^psadbefore  it  was  dinipatedt  neitfalerite 
emp^itare,  nor  tbac  oftheY^raar  into  wbicbritwaa  etm- 
rertedi  TORt  abore  SlS^jyetitwoat  hova  eoatiiraed  to  tc- 
■Hve  calfiric  as  befbrfe  i  that  is, '  at  the  taU'of  169°  vtery 
bar  minute*  ;  of  cionree,  ia  iti  TsponBBtion,>«  qunotit'^iif 
uilorie  liad  been  absorirad,  wiiicb,  applied  at  onM*  wonM 
lavc  been  equal-to  raising'its  temparatiite  illO°.'        '    ■^' 

A  liquid  heated  under  preanHc  any  haro  iti  tenptra^ 
an  Kused  abbve  its  uaual  boiling' pointi  tba  tramttioRriiK 
0  Vapour  being  prevented  \iy  dke.pt«Mure.  A  quantity 
if  water  Included  in  a  strong  pbial  ckweljr  obriied,  wHb  A 
hermometer  included,  was  btetcd  to  383^ :  the  cotk  wat 
uddenly  withdrawn,  a  small  quantity  only  ri*  vapour  mstk- 
d  out,  and  the  renrairiing  water  instantly'  feU  to  313*^ 
Itis  experiment  Mr  Wan  repeated  on  a  mntih  lar;^  acUe, 
-ater  being  heated  In  a  edpperdi^tcr  with  a  safety  valve 
>a  miK*  higher  temperature;  j-et,  onoperiing'the  valvt^ 
istead  of  the  whole  escaping  in  vapour,  aotlnorG  than 
ne>third  of '  it  assumed  this  state,  ■  and  the  teaipentturc 
f  the  r^gmaining  portion  sonic  as  in  the  preceding  cs^ri'^  - 
lent.  

A  similar  absorption  of  Caloric  attends  the  Taporitatioil 
f  volatile  liquids  at  a  common  temperature^  producillg 
lerefbre  sensiUe  cold,  greater  as  tfaeh'qaid  is  more  vdia* 
Ic,  or  as  the  change  is  accelerated,,  as  CuUen  observed. 


m  eeid:W9ii^9  t^e  itelxifmiMttt^  Uus  ib  s!i^k(^m0re  ratted, 
#^^ %;the  eolimiiifi^idybR "ef , »  weigbt:  of  nmtcyr^  2l$P 
«^4l  0  tbalnf  dte:  steimi*. :  And:  Me  WnU  ;hatiag^oi|' 
.(W«ld  Ate»mri&  a  m^ftUic  tobe^  j»y  tttdd^y  f6rciiig:do«n 
%.pi^^  laii^ited  to  it,  ihe^nd  ot-the  i^riiie|)bdH^f>boed  in 
wat^jt  &ami  (»  q&mtiti^  pf  caloric  to  beiiecmiAOBiGatoil; to 
lb«  wat^jTf  eawlf  t9:|fhQt  nloiiid?  faaiRe  xfispd  the. :^0i^%9^ 
0^:Qf  4  porli$m  oC^Ut^f^at  Six  w«^t  4d  tbej^ltm  M^ 
,  di^p^en^  .  Ye(  die  teiai)erait^  of  t]s&  tiibe  asd  tbe  iacUid* 
ed  st^^aix^  preirioiis  to  Ihe^  eoad^saliod^i  waa  mly  212^  Jih 
-y  Mi  them  lacls  pvoye)ihe*trath  of  tbs  general  pix)fK»i'- 
ti0ij^  ^  tb^  wb^  bodiaa  pi^.  from  tl^  doMd  tm.  the  fluids  or 
from  the  fluid  to  tk/e^emom  ^toCe^.  a  <|Haiiilly  €^!  caknrick 
abfiOJirb^y  wbicb  baa  ho  effect  ia  msi^  the  tempmtore  of 
ib(»  body  m  its  ii^ir  foraty  this  calorie. bqing.  uffia  evo^e^ 
^i^eo  ths  body  refl^lilEid  to  ttai^ind^ 
of  caloi^c  ab$orbedjduri&g  thoH^  diabgesy' apd  not  dkoove^ 
afe^db^i the  usual  effbct  of  caisiog  tMnp^»txii?ey  J>r^  Black 
na^aeld  JU^tont  Heit^  Iq  c^pautkauto  the  4)or^B  t|y  wbieh 
(iQinpemtiireJa  pcoducedi  aad  wbidb^fae^  da^OfDainated  Sei^ 

'  fible  Heat*     ►   <  . 

,  In  |ua%itiiig:tho«Anse-of  these  phemuBeim^  Dr  Black 
sii{qp0seidy  that  the  ealotie  wihicb,  di$^ppcai»  or  b^qomea 
lat^^,  produces  dote  change  of  form,  Ib^n^  sft  the  same 
tune,  its  own  charaet&ciklic  propeA&Sf  probably  by  ent<»r* 

[  u^  xafix>  a  ^cies  of  coisbiiiaiioa  ivitb  >the  matt»p  oh  which 

it  t^^emtes.  ^<  Eloidity^'' a^s  he,  <*  I  consider  as  depend-^ 
ing  immadiatle^jr  and  insepai^ably  on  a  certain  quantity  of 
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the  vuittar  of  heat  ^^ich  is  oombined  with  the  fioid  body 
in  a  particalar  maimat,  no  as  not  to  be  oommiiiiicidile  to  s 
thcnnoineter  or  to  othor  bodies,  but  cqiebk  of  being  ex- 
tricated again  bjr  other,  methods,  and  of  le-assntning  the 
fiirm  of  moreabk  or  comimuiicable  heat.''  And,  ag*iB, 
with.rcgsrd  to  TaporizatioQ,  <<  when  a  fluid  bddjr  ift  raised 
tp  its  boiling  temperatore  by  the  continual  and  oopioin  ap- 
plication of  heat,  its  partides  snddenly- attract  to  them- 
selves  a  great  quantity  of  heat,  and  by  this  combination 
their  mutual  iriation  is  so  ehangedf  that  they  no  longer 
attract  each  other,  but  separatingt  cmnpose  a  fluid  elastic 
and  eaqpansive  like  ain  This  new  form  of  agp^atton, 
(taking  the  example  of  water,)  is  the  effect  of  a  new  com* 
bination  of  heat  with  the  primary  particles  of  water,  and  is 
a  sufficient  indication  of  this  union,  in  the  same  manner 
as  fluidity  waa  a  sufficient  mark  of  a  sndd^  and  cOfisoM 
combination  of  heat  with  Ae  partides  of  ice." 

A  y&ej  difierent  theory  of  these  phenomena,  and  more 
approaching  to  a  philo8ot)ycal  generalization,  was  advan- 
ced, by  Dr  Irvine«  Temperature  depends  not  merely  on 
the  action  of  caloric,  but  on  its  action  modified  by  that 
pecuKar  relation  of  bodies  to  it  which  we  denominate 
their  Capacity.  If  the  capacity  of  a  body  be  enlarged,  the 
quantity  of  caloiic  communicated  to  it  remaining  the  same, 
its  temperature  must  fall ;  if  the  capacity  be  dunii&ished 
under  thc^  same  condition,  its  temperature  must  rise ;  or  if 
the  capacity  be  enlarged  while  caloric  is  proportionally 
communicated,  this  caloric  will  be  absorbed  by  the  body, 
and  remain  in  it  without  any  increase  of  tempemture. 
Now  this  laBt  result  Dr  Irvine  conceived  to  happen  in  flui- 
dity and  yaporizatioh.  The  sensible  caloric  communica- 
ted, and  raising  the  temperature  of  the  body  to  its  melt- 
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]iig»  or  to  its  Ta|K»'iflir  p^nt^  we&kem  ptdgite&u^Bly  its  co- 
he^n^  and  at  length  soifiir  changes  its  state  of  ^ggfe- 
.gatitmy  a&^-to  cause  a  new  itrrftDgane&t  of  its  parts,  con- 
slitutiiig  &?st  Aridiljr^  andifterwards  the  state  of  vapmir  or 
ait.  ^  Hiese  changes  £>r  Irtiiie  suppc^sed  to  be  accompa- 
iiied  with  a  dbaosge  of  ciqpilcity,  the  capmAty  of  the  body 
in:its  liquid  bdlig  gre&ter  :thah4ii  its  sioltd  state,  and  be^ 
e(MtkifiKg'&ttB3lafger  in  &Ht  state  of  vapour.  If  this  be  ad- 
jast^ed^  it  nieQessatily  fiafiows,  that  a  tpmntity  of  calorie 
must'  be  c^iffiorbed  by  the  body  in  jpasi^ing  into  the  liquid 
and  a&ial  Sortfos,  which  wiB  hate  no  effect  in  augment- 
ing itft^temperatore^  aiid  Whidi,  of  course,  is  not  discover- 
able in  jt^by  the  thehnoibeter.  But  there  is  no  reason  to 
beUevis  that  this  caloric  has  lost  its  properties,  has  entered 
intoasry  pe^;idinr  combina^n  with  the  body,  or  is  in  any 
j^ate  «fifi^;^ent  from  the  rest  of  the  Caloric  it  contains.  It 
fpes  w^  that  cal<nric  to  sustain  the' tempei^ture,  and  it 
has  been  abeodbed  without  raising  temperature,  merely  be- 
a(ttse  diec^lpaeity  of  the  bodyvhas  been  enlargfed  $  and  when 
the  capacity  is^diminidbed,  as  happens  in  the  reverse  change 
of  ibirm,  it  is,  of  ootrse,  again  evolved.  A  body  in  one 
form,  in  a  word,  contains  more  caloric  than  in  another  form 
•  at  a  given  temperature,  exactly  as  one  body  contains  more 
than  another  do^ ;  or,  according  to  this  theory;  the  cause 
why  water  contains  more  caioric  than  ice  at  9£^,'is  the 
same  as  that  by  wbidi  water  contains  more  caloric  than 
quicksilver.;  and  were  it  possible  to  convert  quicksilver  in-^ 
to  water  by  a  process^  similar  to  that  by  which  we  convert 
ice  into  water,  we  should  have  precisely  the  phenomena  of 
latent  heat.  ^ 

The  whole  question,  therefore,  on  this  subject,  is  with, 
regard  to  the  assumption  on  which  the  theory  rests^  wbe^ 
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thtfr  an  wgnaitalioii  oS  capacity  aooQiii|Miuct  UqpefiKtkm 
and  Yttporizalkm  or  noC  Mo  dmbt  can  renain  of  its  ao^ 
f&jonlj  d  prmri  to  ^be  opiniom  of  Hack*  It^  ^xptains 
the  jAenowMna ;  &r  it  is  otnd(W%  tbat  if  by  liniaitor  ymt 
pmrisi^iofi  tfie.capi^y  q{  a  body  be  €i^aged»  either  its 
temperalare  most  fallf  or  calorie  must  be  absm^ed  wilb- 
oiit  prpdacuig  anj  rise  of  tetap€X$tme  i  the  fint  caanet 
happen^  for,  iathiscas^  the  teaq^eratiireef  die  body  &ft- 
ifl^  bdow  itsibsiiig  or  vfipoxiBti:  point,  the  chasge  <rfjbrii 
could  not  proceed :  the  second  efent,  dber^r^  most  be 
that  which  wiil  occur^  or  i^  by  applying  calorie,  we  ndae 
and  preserve  die  temperatuile  sufficiMtly  hi|^  to  cause  the 
IraBtttiim  of  form  to  pjTiQceed,  if  tlus  be  aocompanied  with 
on  increase  of  capacity ,  the  oal<mci^p|died  most  be  absorb- 
ed and  become  latent,  or  occaaon  noi^nesse  of  t^opana- 
ture..  And  the  theory  has  &rther  the  yery  in^rtant  ad* 
vantage,  tl^  while  the  oppodite^stem  isi^  an  insnlailedl^- 
polhesis,  framed  to  accoont  for  this  partieidaF  ease,  lr<- 
Tftoe's  is  an  ^Ltennon  by  generalization  of  a  law>  pib^rad  to 
exist  with  regard  to  different  bodies,  and  .not  unlikdy  to 
cfelMe  in  a  similar  mann^  on  the  same  body  in  .di&rent 
£^ins« 

The  determination  of  the  &ct  occni»ed  the  attention  of 
Prirmeforaseries  of  years,  the  experiments  by  which 

iicttlties;  for,  in  determining  the  capacity  of  the  body, 
either  in  the  solid  or  liquid  state,  it  is  necessary,  that  in 
the  progress  of  the  e&periraent  it  should  not  change  its 
fortn.  Ice,  therefore,  must  be  operated  on.at  temperatui^ 
below  32^,  and  water  at  temperatures  above  this.  Dr  Ir* 
vine  employed  the  medium  of  a  third  substance,  such  as 
qiiieksUver,  river*sand,  cnriron^filingsi  wMch  be  added  to 
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eacbj  and. determined  the  capacity  in  tfie  usual  manner; 
taoA  he  anjformly  fimnd,  that  the  capacity  of  water  is  great-. 
er  than  ti^  ofioe^  and  in  a  ratio  which  he  inferred,  from, 
the  average  t)f  his  experiments,  to  be  as  10  to  8.  A  simi*- 
hx  augmentation  of  capac&y  Dr  Crawford  found  to  take 
^aoe  when  watei^  is  converted  in^  vapour.  It  is  proved 
tbeil,  that  tte  change  in  the  relation  of  the  body  to  calo^ 
ric  is  not  conined,  as  Dr  Bhck's  hypothesis  supposes,  to 
the  moment  of  Mquefadaon  or  v^orisation,  but  at  these 
changes  tln^ relation  is  so  altered,  that  henceforth  the  liquid 
requires  more  calotte  than  the  solid  did  to  raise  it  etery 
degree  of  the  thennometriG*scaI<^  and  the  vapour,  in  like 
manner,  requires  micnre  than  the  liquid.  In  consequaice 
((tf  this,  M  absoiption  of  caloricmust  take  plac^  at  the  mo- 
mentnf  ch^ge,  si^Bfeient  with  the  caloric  the  body  contain* 
ed,  to  keep  up  the  existing  temperature  from  the  point  of 
absohite  privati<Ht,  according  to  the  enlarged^capacity  of 
the  body  in  its  new^state.  And  with  the  admi^ion  of  these 
fects,  the  one  theory  is  demonstrated,  while  the  other  can- 
iH>t  49e  maintoin^dv 

Tbeonly  difficulty  tb«t  has  been  urged  ags^ost  the  theory 
of  Irvine,  of  any  seeming  importance,  is  that  of  account- 
ingfor  the  change  ;of  form ;  for  since  the  temperature  of  the 
li^id  is  not  senstt^  greats  than  that  of  the  solid  from 
whidi  it  is  formed,  ^or  l^at  of  the  vapour  greater  than 
that  of  the  liquid  from  wluch  it  rises,  it  has  been  contend- 
ed, thdt  thecbange  cannot  be  ascribed  to  the  operation  of 
senabfejcaloric,  and  must  therefore  be  ascribed  to  the  ac- 
tion of  at  least  a  porticm  of  that  ^hich  becomes  latent. 
The  difficulty,  however,  is  in  a  great  me^ure,  perhaps  en* 
tirely,  obviated,  by  considering  the  change  of  form  as  arising 
from  the  expansile  operati<mof  caloric,  increasing  as  it  is 
accumulated,  until  it  sufficiently  modify  or  subvert  the  forc^ 
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of  cohesion  to  admit  of  fittidity  and  vaporization  being  es- 
tablished ;  and  this  being  progressively  exerted,  the  ufci- 
mate  efiect  may  take  place  at  a  point  in  the  scale  of  temp^ 
rature  indivisible,  so  that  we  shall  be  miable  to  discover  a 
difference  of  temperature  on  the  one  hand  6r  on  the  otb^. 

This  view  of  the  cause  of  the  dbaiige  of  form  is  confirm* 
ed,  by  finding  that  the  change  is  produced  by  causes  whidi 
must  operate  solely  by  altering  the  distances  at  which  the 
particles,  of  bodies  are  placed.  Tlius,  the  tranntioA  into 
vapour  is  effected  by  withdrawing  pressure,  which  can  be 
an  antagonist  only  to  the  expansive  operation  of  sensible: 
caloric  :  Or,  by  applying  pressure,  a  vapour  may  be  re- 
duced to  the  liquid  state,  though  this  pressure  can  have 
only  a  mechanical  efiect,  approximating  the  particles,  and 
cannot  subvert  any  chemical  combination  of  caloric,  dkl 
it  exist. 

It  may  the)Pefi>re  be  conclude,  that  the  absorption  of 
caloric  which  accompanies  liquefaction  and  vaporisation, 
is  owing  not  to  any  chemical  combination,  but  to  the  en- 
larged cap€u;ity  which  the  body  acquires  by  a  change  of 
form.  It  may  be  supposed,  indeed,  that  (he  difficulty  in 
this  view  of  the  subject  is  only  avoided,  not  removed*  May 
not  this  difi'^reQce  of  capacity  in  bodies,  in  whatever  stfite 
they  qpst,  proceed  trom  a  chemical  combination  of  caio- 
ric  I  By  saying  that  difierent  bodi^,  or  different  formr  of 
the  same  l|ody,have  di£Perei|t  capacities  for  calor^c>  the  fact 
is  merely  expressed,  that  in  equal  qqantities,  and  at  equal 
temperatures,  they  contain  unequal  quantities  of  this  power. 
But  the  cause  of  this  is  not  assigned.  May  it  not  be  che- 
mical combination  of  part  of  the  caloric,  of  that  part  of  it 
in  each  body  which  amounts  to  the  difference  of  the  quan-i 
tity  it  contains^  compared  with  another  ?  This  opinion  is 
fefuted  by  the  consider^tion5  that,  were  it  true,  tti?  quai^-^ 
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tity  of  free  caloric^  or  caloric  of  temperature,  ought  in  all 
bodies  to  be  the  saine^  and  that  consequently  in  equal 
dbanges  ojF  temperature,  eqi^al  quantities  of  caloric  ought 
to  be  absorbed,  or  given  out  by  all,  since  the  very  pHnci- 
pie  which  is  asisumed  is,  that  the  cause  of  the  difference  in 
the  absolute  quantities  of  caloric  which  bodies  contain  is, 
that  that  portion  in  one  body,  which  exceeds  what  is  con- 
tained in  another,  exists  in  it  in  a  state  of  chemical  com- 
lunation. 

Whether,  therefore,  the  question  be  copjudere^  9S  Re- 
lating to  the  cause,  why  diffejrent  bo4ies  contain,  At  the 
same  temperaturi^  unequal  quantities  of  caloric,  or  to  the 
cause  why  different  bodies  of  the  sa,pie  body  foUow  thp 
same  law,  in  neither  ca^  is  it  probable  that  a  chemical 
combij^aiion  of  parfL  of  t)bat  caloric  giv^  rise  to  the  di£fe- 
rence*    4^  ^^  the  phen&mena  are  in  bot^  cases  the  i^mep 
they  ffiust  be  ascribed  to  the  same  cause*    Unjtil  ^his  is  dis* 
covered, .the  general  fact  ought  merdy  to  be  expressed: 
Calorip,  whatever  m^y  be  i|;s  iiature,  is  to  be  considered  as 
a  power  diffused  over  piattef ,  as  tj|;ie  cause  of  that  state  of 
bodicfi  termed  their  temperature,  as  having  a  tendency  to 
dif&se  itself,  until  a  common  temperature  is  formed ;  but 
for  the  production  of  this  temperature  in  different  bodies> 
and  in  different  forms  of  the  same  body,  unequal  quantitien 
of  this  power  are  required.     If  it  be  a  material  agent,  the 
difference  in  the  quantity  contained  m^y  be  ow|ng  tp  th<$ 
specific  attraction  exerted  by  each  body ;  but  ^tii}  t^s  at- 
traction is  merely  the  force  by  which  fhe  whole  quantity  is 
retained,  and  does  not  operate  ipore  on  one  portion  than 
on  another. 

Some  philosophers  of  eminence,  indeed,  lyj^hput  alleg- 
ing that  the  difference  in  the  quantities  of  paloric  in  diffe- 
rent bodies^  or  the  absorption  of  it  during  liquefaction 
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and  vaporization^  is  owing  to  chemical  comlmiations,  have 
supposed,  that  there  mAy  be  a  portion  of  caloric  existing 
in  bodies  in  such  a  state  of  comlnnation.  Lavoisier  and 
La  Place  inclined  to  this  opinion,  from  finding  by  expe- 
riment, that  in  dii!erent  cases  of  chemical  union,  or  of 
change  of  form,  the  quantity  of  caloric  rendered  sensible 
does  not  correspond  with  the  changes  of  capacity  that 
take  place,  but  is  sometimes  greater,  at  other  times  less ; 
whence  they  concluded,  that  a  portion  of  caloric  must  ex- 
ist  in  bodies  in  some  other  state,  and  probably  in  more  in- 
timate combination.  They  admit,  however^  that  triml 
errors  in  the  estimatioi^  of  the  capacities  might  have  given 
rise  to  the  apparently  discordant  results  they  obtained;  and 
when  the  sources  of  fallacy  attending  such  experiments 
are  considered,  it  will  iappear  not  imprbbable  that  such 
errors  must  have  been  present.  Irvine  and  Crawford  de- 
voted much  attention  to  this  investigation,  and  uniformly 
found,  that  when  bodies  produce  heat  by  mutual  action, 
or  change  of  form,  Aeir  capacities  are  diminished,  and 
that,  on  the  contrary,  when  they  produce  cold  their  capa- 
cities are  increased;  nor  were  the  results  inconsistent  with 
the  law  of  the  changes  of  temperature  being  proportional 
to  the  increase  or  diminution  of  capacity,  making  allow- 
ance for  the  inaccuracies  to  which  such  experiments  are 
unavoidably  liable.  Gadolin  executed  a  very  extensive 
series  of  experiments  with  the  same  view,  and  drew  from 
them  the  same  conclusion*  Nor  are  there  any  ikcts  which, 
when  duly  considered,  can  be  regarded  as  affording  proof, 
that  any  portion  of  caloric  exists  in  bodies  chemically  com- 
bined :  though  arguments  in  support  of  it  are  not  unfre- 
quently  stated,  arising  from  misconception  of  the  subject. 
It  is  therefore  necessary  to  remark,  that  the  hypothesis  of 
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combiDed  caloric  rests  <hi  no  just  grounds.  Tlie  difierant . 
quantities  of  caloric  contained  in  bodies,  regulated  by 
what  we  name  th^ir  capacities,  cannot  be  referred  to  the 
'  operation  of  any  peculiar  &rce  different  from  that  by 
which  the  whole  quantity  of  caloric  is  contained  $  neither 
can  the  absorption  and  latent  state  of  the  caloric,  ab- 
sorbed in  liquefaction  and  vaporisation,  be  referred  to  this 
cause.  And  we  have  no  reason  to  believe  that  any  other 
portion  of  caloric  exists  in  bodies  in  a  combined  state. 
The  agency  and  relations  of  this  power  are  indeed  so  pe- 
cnliar,  that,  even  admitting  its  materiality,  we  can  place 
little  reliance  on  any  conclusion  with  regard  to  its  mode  of 
existence,  not  established  by  direct  evidence,  but  resting 
on  analogies  transferred  fi^om  ponderable  substances;  and 
in  the  present  state  of  the  science,  the  hypothesis  of  cora^ 
bined'  caloric  can  only  be  suggested  from  very  limited . 
views. 


From  die  enlargement  of  6apacity  and  consequent  a1> 
sorption  of  caloric,  which  attends  liquefac^on  and  vapori^ 
zation,  some,  interesting  applications  both  to  natural  phe- 
nomena and  to  purposes  of  utility  are  derived. 

Thus  it  explains  the  fixity  and,  uniformity  of  the  tem- 
perature at  which  bodies  melt  Ice  melts  at  32^  of  Fah- 
renheit, and,  when  raised  to  this  temperature,  the  farther 
communication  of  caloric,  however  rapid,  has  no  effect  in 
raising  its  temperature,  till  the  whole  is  converted  into  wa- 
ter j  since,  as  quickly  as  the  ice  is  melted,  as  quickly  is  the 
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.caloric  abflorbed  by  the  fluid.  Were  it  not  for  thii  ab- 
sorption of  caloric,  the  licjuefaction  of  ice  and  tnow«  In 
^der  climatest  at  the  uppixwch  of  ^ring,  would  take 
place  almost  instpotaneousl;,  when  the  temperature  of  tbe 
atmosphere  rose  above  if ;  whereas,  from  this,  the  melt- 
ing is  gradual  and  progressive ;  the  water  that  is  formed 
IB  distributed  more  ^owly,  and  the  too  sudden  rise  of  tein- 
perature,  which  in  soch  climates  would  prove  &tal  to  ve? 
getables,  is  prevented-  The  reverse  of  this,  too,  or  the 
extrication  of  caloric,  when  water  is  converted  into  ice,  is 
equally  beneficial ;  since,  were  it  otherwise,  the  freezing  of 
large  collections  of  water  would  be  ektremely  rapid  when 
the  temperature  of  the  atmosphere  fell  below  32°.  But, 
from  this  extrication,  the  freezing  is  gradual,  and  a  large 
quanUty.of  caloric  is  given  out  by  the  water  in  passing  to 
^e  sqhd  state,  by  which  the  ^proaching  col4  is  mode- 
rated, and  the  congelation  rendered  more  slow. 

SimiUr  general  effects  arise  from  the  operation  of  this 
law  in  vaporization.  Water  e^'apqrates  more  speedily 
from  the  surface  of  the  earth  as  its  temperature  is  high, 
but  this  evaporation  is  necessarily  accompanied  with  the 
absorptiop  of  caloric.  Hence  it  operates  with  equal  effect 
in  moderating  excessive  heat.  Again,  when  the  vapour  of 
the  atmosphere  is  condensed  by  cold,  in  passing  into  the 
liquid  state,  it  gives  out  the  caloric  it  had  received,  and  is 
equally  beneficial  in  moderating  the  excess  of  cold. 

Arti^cial  refrigeration  d^ends  on  the  same  principle. 
When  water  filtrates  slowly  through  porous  earthen  ves- 
sels, so  as  to  present  an  extensive  humid  surface  to  the  at- 
mosphere, it  passes  rapidly  into  vapour,  and  in  this  va- 
|iorizatioQ  absorbs  so  much  caloric  as  to  produce  a  con- 
siderable degree  of  cold.   Liquoi?  are  cooled,  and  in  warm 
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climates  ice  is  formed,  by  Arrangements  of  this  kind,  evea 
when  thetemp^ature  of  the  atmosphere  is  above  82**. 

The  theory  of  freezing  mixtures  is  likewise  derived  from 
the  doctrine  of  latent  caloric.  These  mixtures  consist  of 
saBne  substances,  whichj  at  the  common  temperature,  by 
their  mutual  chemical  action,  pass  rapidly  into  the  fluid 
form,  or  are  capable  of  being  rapidly  dissolved  in  water, 
and  the  transition  of  this  la:rg^  quantity  of  solid  matter  to 
fluidity  causes  an  absorption  of  caloric,  producing  cold 
morfe  or  less  intense. 

The  use  of  steam  as  a  vehicle  and  source  of  heat  afibrds 
an  example  of  the  scientific  appHcation  of  these  principles. 
By  conveying  it  into  water,  it  is  condensed,  and  by  the 
evolution  of  the  latent  caloric,  which  foUows  from  this,  the 
temperature  of  the  water  is  raised,  so  as  soon  to  arrive  at 
2^12^.  Where  large  quantities  of  water  are  to  be  heated, 
this  method  has  superior  advantages,  as  by  having  a  com* 
mon  boiler,  from  which  the  vapour  is  conveyed  by  tubes, 
the  loss  of  heat  is  lefss  than  if  Are  was  applied  to  different 
vessels,  and  the  vessels  are  subject  to  less  wear,  an^  may 
be  constructed  at  less  expence.  Another  application  of  the 
same  principles  is  that  of  heating  Apartments  by  conveying 
steam  through  tubes.  The  steam  in  its  progress  is  con- 
densed gradually,  and  gives  out  its  latent  caloric,  so  as  .to 
produce  an  equable  warmth. 

The  modern  improvements  in  the  Steam-engine,  as  they 
originated  from  Dr  Black's  discovery,  so  they  afford  a  very 
striking  exemplification  of  the  doctrine  of  latent  caloric. 
In  the  engine  wrought  previous  to  the  improvements  of 
Mr  Watt,  the  steam  was  received  into  a  cylinder,  to  which 
a  piston  was  adapted,  which  was  raised  by  the  introduc- 
tion of  steam :  this  was  condensed  by  a  jet  of  cold  watery 
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und  the  pjston  was  of  ooprse  forced  down  by  the  pressure 
of  the  atmosphere,  and  by -these  alternate  actkins  die  iha- 
<)huie  was  worked^  But  this  was  attended  with  an  im- 
on.ense  loss  of  heat ;  for  by.  the  jet  of  cold  water  not  cmljr 
;was  the  steam  cond^ised,  b«t  the  cylinder  was  cooled, 
as  it  was  also  by  the  entrance  of  the  fttoiospherie  air>  and 
$he  first  portion  ot  steam,  *  therefore,  that  next  entered 
was  condensed.  A%  each  stroke  of  the  engine  this  waste 
js  repeated,  said  thus,  a^rcording  to  Mr  Watt's  calculation, 
at  least  half  of  the  steam  produced  in  the  boiler  is  ^t. 
^is  prmcipal  improvements  Consisted  in  condensing  the 
steam,  not  in  the  (^finder,  Init  in  another  vessel  com- 
municating with  it  by  a  pipe  with  a  valte,  and  in  exckid* 
ing  from  the  qrlinder  the  atmospheric  air,  and  depressing 
the  piston  by  steam  introduced  above  it,  and  condensed 
ijsf.  the  conden^g  vessel  altamately  with  the  steam  be- 
neath. The  whole'  can  thus  be*  kept  at  the  temperature 
of  2 12%  and  the  immense  waste  of  heat  in  the  old  method 
i|5  obviated. 
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Sect.  VI. — Qfthe  Absolute  Quantity  ef  Caloric  in  Bodies. 

A  PROBLEM  which  Chemists  have  sometimes  proposed 
for  solution,  is  that  of  determining  the  whole  quantity  of 
caloric  in  bodies,  and  of  course  at  what  distance,  measured 
by  thermometi^ical  degrees  firom  a  given  temperature,  the 
point  of  absolute  privation,  or  what  they  have  named  the 
real  zero,  would  be  placed.  It  is  obvious,  that  any  re* 
duction  of  temperature  that  we  can  command  is  far  dis- 
tant from  the  total  abstraction  of  caloric,  and  it  is  only  by 
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GaleoIi^ioQ;  from  oeiiiua  knowii  facts  ihiit  the  zcaro  can  be 
determined. 

The  poseihiiity  of.dtfccmringthis  occmred  to  Df  Ir- 
vine^ and  the  principles  on  wbkh  hie  method  ^nr^e  fe«ifd* 
ed  are  extremely  sieipk.    Asedsuiig  Aftt  the  «e(lot<Je  cdti^ 
tained  in  bodies  is  sm  thei^ieapacities,  and  klk>#jfig^edil^ 
lihrence  IwtweeiL  the  lapabit^  of  a  tx>dy  in  itirtiilhir^ft  states, 
for  example  in  its  s<^d  and  li<ps»dlitatesi  itiis  '^bvioas,  that 
if  weas^rtftb,  *by;eisperixnent,  the  Quantity  oft^atcHrib  ^icfa 
it  absorbs  cr^^refL  oat  in  •  passing  from  one  staite  to  the 
dtber>  we  can j  ^ermine  tfae-i^hoie  qcittitily  of  tcaloi^c  if 
QOVtaUkskJ^  fer^ibte  ^pmkOtf^^erckmd  be^rs  a  c^tain  p^opOt^ 
tiob  ti>  tUsy  wMch  propotticn  tib^  <^fiS»Fence  of  capadty 
gives.     Tfaas^  if  the  capacity  df  water  be  W,  and  that  of 
ice-d^'and  if  the  whole.quatH^y  6f  cat^lfeifvMljh  each  coh- 
tainb  be  as  its*  eapacityy'  tkM  wat^r  obnlains  a^antity  aa 
10,  iee  a  quantity  as  9,  Or  ^afa^r  -ecORFtaihs  dne^t^th  more 
caloricthan  iee  attbe  same  tefiiperature.    This  tenth  part 
is  given  out  when  wilier  passes  iiito  the  state  of  ite ;  the 
cpiaBlity  actually  evolued  we  discoter  by  experinteift  to  be 
equal  to  what  would  raise  iiS  temperature  140^  of  Fahren- 
heit's scale.     Hie  water  previous  to  freezing,  therefore, 
cxNatakied  a  quantity  equal  to  ten  times  tbfs,  or  a  quantity 
equal  to  what  woilild  difevate  iU  temperature  1400^.     Of 
ODtiTse,  at  tliis  diiitaii^  from  S2<*  of  Fahrenheit,  it  would 
be  wholly  deprived  of  caloric,. c^  the  real  zera would  bd 
placed-;  and  this  i^duld  be  the  same  with  regard  to  all  bo- 
dies measured  by  thermometrical  degrees,  according  to  the 
capacity  of  each  y  for  although  they  contain  diligent  quan- 
titieS)  this  is  only  because  they  require  different  quantities- 
to  produce  the  same  elevation  of  temperature  :  the  degrees^ 
of  temperatace  are  the  same. 
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The  calcuktion  of  Inine  va  oonfinDcd  by  the  expend 
ments  of  Cmwfiml,  and  ako  by  thoae  of  Oadt^,  both 
nude  oD  tbe  capaciti«  of  bodies  eombining  togethett  (he 
capNci^  of  die  cooipound  fixmed,  and  die  quanti^  of  ca- 
ioric  abtorbed  or  evolrcd  daring  the  txMnbbution,  Oalr- 
fbrd,  by  deteixninii^  the  c^iaei^  of  vmter,  the  ctpmMm 
of  itt  constJCnent  princqdesi  and  the  quantity  of  cakMtie 
erolTed  when  these  combine,  fiiond  the  zero  to  be  at  1532 
bdtnr  tbe  fireesing  pinnt  <^  water  i  and  Godtdb,  from  ob- 
araving  &e  changes  of  tempentnre  in  the  aelntkn  of  Dm- 
riate  of  soda  in  wBter,  and  aln  in  the  oaabitulion  of  nl- 
pburic  odd  and  water,  coropwed  with  the  capacitia  of 
the  reqiective  wbatancea,  piaooi  it  at  14S2  bdow-tlut 
pcnnt.  Other  cheniitti,  however,  have  obtained  results 
codzcmeLy  diicoidant.  In  Ae  eaqienmcBts  of  I^roiser 
and  Jm  HaCe,  tbe  noHibers  are  my  remote  from  those 
above  stated,  and  from  each  other ;  and,  in  the  more  n^ 
cent  experiraents  of  Dalton,  are  so  even  to  a  greater  ex- 
tent {  the  zero  bong  fi>und,  from  sane  experimeots,  af 
SOOO,  others  at  6000,  ot  at  7000°  below  tbe  temperature 
of  freemng  watM".  We  can  place  little  confidence  in  any 
of  these  calculations ;  and  either  the  assumption  on  which  - 
the  theorem  rests*  that  the  quantity  of  caloric  in  bodies  is 
as  thar  capaci^,  is  incorrect-}  or  the  experiments,  so&r 
as  relates  to  tbe  esUmation-of  the  capacities,  most  be  lia- 
ble to  sources  of  error  nearly  unavoidable,  and  wbicb,  from 
being  multiplied  by  the  calculation,  give  rise,  ey«i  thou^ 
trivial  in  themselves,  to  errors  so  great.  The  latter  is,  pro- 
bably the  case ;  for  tbe  methods  of  discovering  the  c^w- 
ciUes  of  bodies,  give  us  rather  i^proximations  than  abso- 
lutdy  accurate  results. 

From  the  direr»^  of  opinions  which  have  prevailed  with 
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tegarcL  to  the  state  in  which  caloric  exists  in  bodies,  sev^ 
TS^\  forms  of  expression  have  been  introduced,  and  are  still 
in  use,  which  it  may  be  proper  to  define. 

Free  caloric  is  caloric  in  that,  state  in  which  it  expanda 
bodies,  and,  accumulated  to  a  certain  extent,,  occasions  the 

m 

sensation  of  heat^  -.  It  is  synoaimous  with,  the  senaUe  beat 
of  Dr  Black,  and  with  the  caloric  of  temperature  of  other 
chemists* 

Specific  calorie  is  the  quantity  of  caloric  peculiar  to  any 
body  compared  with  another,  and  therefore  expratees  the 
rdatiTe  quantities  of  caloric  contained  in  eqnal  wieigbiA  cf 
diffi^'ent  bodies  at  the  same  temperatmre.  It  is  synooi* 
mous  with  the  compwrative  heat  of  Dr  Crawferd*  Otibers 
have  used  the  {dbraaer^fa^n^  heat  in.  a  aimSar  sense.  Thisi 
however,  is  emfdoyed  by  Wihske  6>  denote  the  apedfio  C0<» 
loric  of  a  body,  estimated^  not  by  the  height,  but  by  the 
volume.  .       . 

Tfaif  dispoaitacKi  or  property  by  which  different  bodies 
contain  certain  quantities^  of  cakric^  at  any  temperature,  is 
%&n&tA,  ihtir  c(igpacity  ftx  taloHc* 

Latent  ^aioric^  or  latent  heat^  is  the  expression  used  to 
denote  that  quantity  of  caloric  which  a  body  absorbs, 
when  it  dianges  its  form.  Combined  jcahric  is  that  por* 
tioh  supposed  to  be  oontaiaed  in  any  body,  in  a  state  of 
chemical  combination.  The  Absobde  heat  of  Crawford 
d^otea  the  whole  quantity  of  calorie  whidbi  any  body  con^ 
tains ;  and  is  expressed,  according  to  the  modem  dsemi-^ 
cal  language,  by  saying,  the  absolute  quantities  of  caloric 
jmsent  in  bodies. 
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ScicT.  Ylh-^C^  the  Nature  of -Caloric. 

&T  the  anddnt  phiiosoplietSy  heat  was  considered  as  a 
Aibtle  fluid  or  element ;  and  this  opinioh  was  received  uh* 
tQ  the  time  of  Bacon.  From  obsenring  that  thecircum* 
ttances  which  cause  aogmentatiofi  of  temperature  'are  siich 
as' excite  motiany  and  .that  in  general!  whatever  produces 
inotion  produces  teat»  he  advanced  lihe  hypothesis,  that  the 
heated  statedf  bodies  d^ends  cm:  vibration  of  their  particles* 
Though  this  opinioi^  #a8  adopted  by  some  chemists,  par** 
tieiiUrly  ..by  Bbyle,  Netnojbi,  and  ilMhoqtier,  the : other, 
which  consider^  the  ^enbmena  of  healted  bodies  as  de^ 
pending  on  the  presence  of  a  peculiar  material  principle, 
continued  to  be  more  generally  received. 

The  general  plu^dmeoa  which  .iireprod(uced  by  the  ac- 
tion of  caloric^  are  sufficiently  explained  on  the  hypdthesk 
of  its  being  a  subtle  highly  elastic  ^tiid,  capable  of  pene-» 
tr^ting  bodies,  witfi  the  exiception  of  one  faiitiliar  pheno- 
menon,— 'the  excitatioio:  of  heat  by  friction,  percussion,  o5r 
any  species  of  motioA  prodt^cing  vibratiodd  in  the  particles 
of  bodies.  On  the  hypotiiesis  of  temperature  d^)ending 
on  the  pres^ice  of  a  material  agent,  it  is  difficult  to  con- 
ceive how  it  should  be  raised  by  the  operation  of  these 
causes,  and  it  is  from  this  difficulty  that  the  hypothesis  of 
heat  depending  on  motion  has  originated. 

The  difficulty  has  appeared  greater,!  too,  since  the  exci- 
tation of  temperature  by  friction  has  been  investigated 
with  more  precision  i  for  it  appears  to  be  produced  with- 
out limitation  while  the  friction  is  applied,  andwithout 
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any  external  source  \vheQce  it  may  be  sui^ilied.  RumfiNrd 
observed,  that  in  the  boring  of  cannon,  much  heat  is  ren<* 
dered  sensible  by  the  friction.  To  ascertain  its  quantity 
with  more  accuracy 9  be  placed  a  solid  cylinder  of  brass  in 
a  trough  with  water,,  and  ^ppUed  the  borer  to  it,  in  the 
usual  manner.  In  an.hour  the  tsunperature.  had  risea  frotn 
60  to. 107,  'and  in  two  hoars  and  a  half  the  wibter  was' 
brought  to  boil,  its  quantity  being  18  libs.,  and  the^i^a- 
ratus  immersed  in  it»  which  was  of  course  likewise  heated 
to  ^1^'"^,  being  equal  to  15  1^.  This,  excitfltion  of  heat,  it 
was  obvious,  was  not  dependent  on  any  adion  of  air,  as 
diis  was  eEXcluded  by  the.  manner  of  making  the  experi- 
ment r  the  water  does  not  appear  to.  have  exerted  any  che- 
mical agency,  as  it  suff^ed  ho  change :  the  calpric.  Rum- 
ford  sufppomd,  could  not  be  dcarived  from  the  surrounding 
matter,  as  this  was  actually  receiving  heat,  ficom  the  b^)dy 
submitted  to  friction,  and  it  could  not^  he  conceives,  be  de- 
rived from  this  body  itself  from  any  diminution  of  capacity 
prodiiced  by  the.firiction,  as  the^  capacity, of  the  borings  of 
ibe  metal  he  found  to  be  the  same  with  that  of  the  mass  of 
metal.  He  conclad;ed,  th^eibre^  (hat.  what  was  thu»  fur- 
nished, apparently  without  limitattiQn^  could  not  be  mate- 
rial, and  that  it  is  difficult  to  conceive  of  an^  thing  capable 
of  being  esccited  in  the  manner  the^at  was  elicited  and 
communicated  in  these  experiments,  except  nmtion*  Ex- 
periments giving  a  similar  result  were:  published  nefurly  at 
Ae  same  time  by  Mr  Davy. 

If  these  two  hypotheses  on  the  nature  of  cakuric  be  mere- 
ty  compared  together,  the  superiority  evidently  belongs  to 
that  which  regards  it  as  a  material  principle ;  for  the  ge- 
neral phenomena  connected  with  its  operation  recei^  a 
more  totisfactory  explanation  from  this  assumptiop^  than 

VOL.  I.  M 


178 


OF  CALOBie. 


from  jtiie  suppositiou  that  licat  ari&es  from  vibration  or 
motion  of  the  particles  of  malter*  Expansion,  fiiii^ty,  and  > 
vaporization,  may  be  conceived  to  arise  from  the  introduce 
tioQ  of  an  elastic  fluid  counteracting  the  mutual  attraction 
of  the  particles  of  matter :  this  fluid,  it  is  probable  a^priari^ . 
may  have  peculiar  relations  to  difiGbrent  bodies,  may  there^ 
fore  be  propagated  through  diem  with  difierent  degree  of 
facility,  be  contained  in  them  in  a  given  state  in  unequal 
qittuitities,  or  may  act  upon  them  unequally,  so  as  in  ecjoal 
quantities  to  produce  unequal  effects.  Considering  calo- 
ric, on  the  other  hand,  as  arising  from  vil»ration»  it  is  not 
obvious  hoiiv  this  should  produce  even  the  mosl;»gei^ral  ef- 
fect, that  of  expansion:  we  do  not  perceive.^faow,  whenao- 
eumulated  to  a  certain  detent,  it  should  givd  rise  to  pe^mt^- 
nent  repulsion :  we  are  equally  at  a  Joss  to  apt^ount  fat*  t^ 
law  which'  r^olates  its  distribution  in  bodies,  as  prpduc-. 
ing  temperature,  or  the  laws  of  its  commtinicatiQp,  ^hich 
are  difierent  from  those  of  motion. 

There  remains,  however,  on  the  doctrine  of  the  materia* 
Hty  of  caloric,  the  difficulty  of  explaining  the^  expitatiQii  pfr 
heat  •by  friction.  Is  the  following  hypothesis  ad^u^te  to 
this  ?  By  friction,  or  similar  causes  of  motion,  the  parti- 
cles of  bodies  are  thrown  into  a  state  of  vibration;  they  al- 
ternately approach  tp^  and  recede  from  each  other.  Ip^i. 
their  approach,  the  common  law  with  regard  to  the  ^ect 
of  condensation  on  temperature  must  be  observed,  or  beat 
will  be  excited  j  in  the  corresponding  retrocession,  heal; 
wiU,  from  the  same  cause,  be  absorbed.  Is  it  possible,  that 
in  this  retrocession,  the  layer  of  matter,  in  t,be  state  of  vi- 
bration, may  rather  recdve  caloric  from  the  contiguous 
layer,  and  ultimately  from  tlie  rest  of  the  mass,  than  re- 
i&tb^orb  that  which  had  been  evolved  in  the  pr^cedipg  ag* 
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pro3ciaiad0ii»  that  in  this  way  a  current  £^xalorie  niayflow^ 
towards  .the  vibrating  surface^"  and  a  constant  eVohitiosi  dF 
it  be.  kept  xip^i  The  possibility  of  this  is  established  by 
provii^,  that  an  .ani^gon^case  occurs  in  which  this  hap** 
pens«  The  excitation  ^  electricity. by  friction  aiibrds.it. 
The  surface  affin^ding  electricity  js  in  a  stat^  of  vibration 
jBrom  tine  fricttqniqpplied  to  it ;  and  the  phenomena  of  elec*^. 
triciji^  prove,  that  the  electric  fluid  forced  out,  probably 
by.th0  jqsprotimation  of  the  particles  from  the  vibration^ 
h  not  lis^bsorbed  in  the  following  retrociession,  bilxt  form 
an  atmoqpiha^  arour^d  tbeelectrtc  l)ody,  or  is  carried  off 
by  the  surfoimdhig  matterj  whSe  a  iiew  ^portion  is  r^ceived^ 
from  the  mass  in  contact  with th^ekcited  snr&ce,  anduL- 
timately  frdm  the  earth,  so  that  a  constant  evolution  c^  it 
can  be  continued,  while  the  firiction  is  implied*  .  Caloric 
inay  follow  the  same  law,  though,  from  not  having  that.  re<» 
latioh  which  electricky  has  w«ih  riegaird  to  condscting  and 
non»-c(Naducting  matter,  this  is  not  so  easily  established.  If 
such  a  law  operate,  it  mi^  give  rise  to  8imilarphem>mena> 
at  least  to « less  extent.         .»      ■ 

The  evK^utioQ  ot.csiom^  from  this  oaase»  is  no  doubt; 
connecttd .  With  diminution  of  k^padty  $  and  that  this 
should  happen^,  is  ev«i  reiidered  ^remely  pcoisable,  froin 
the  effect  of  cbudensatioii  oiifthei  e^Mcities  of  bodies,,  as 
already  ilhistrated.  But  this  dindioution  of  capadty  is  on-- 
ly  momentary,  though  constaflfetly  renewed ;  and  the  expe*- 
riment,  tl^refdre,  by  Buntf<nrd»  of  asicertaining  the  c^a^ 
city  after  the  iriction  has  ceased^  is  wholly  incoiiclusive. 
It  is  farther  to  be  remarked^  that  a  very  slight  dimipution 
of  volume  may  be  sufficient  to  produce  a  consrdei^able  ele*- 
yation  of  temperature.  Berthjqilet  has  justly  remarked, 
with  regiMTd  to  Rutt)forcl-s  experiment,  that  a  very  large 
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aibfitiofi  of  calonc  is  reqoisite  to  produce  even  a  suudl  ang- 
mentation  ef  volmne  ki  a  mass  of  solid  metal,  and  that  of 
course  a  smafl  reduction  of  Yolimie,  and  tharefcre  an  ap- 
proximation of  the  particles,  during  itactiony  fiur  fyom  con- 
siderable, vasy  evolvea  large  quantity  of  heat ;  and  in  some 
late  experiments,'  he  has  shewn  that  th^  production  of  heat 
by  percussion  is  attended  with  omdepsation,  the  des$sky  af 
a  pkce  of  metal  struck  fiircibly  m  the  coining  press  being 
increased,  and  the  increase  being  greater  as  thexaetal gives 
out  more  heat.  He  has  also  shewn,  what  is  in  cmiformity 
to  the  same  view,  that  a  gi?eater  production  of  heat  takes 
place  fiopft  the  firs^  stroke  than  (he  second,  and  a  gceater 
fyom  the  second  than  the  third,  and  aft^  the  third  the  rise 
of  temperature  is  v^  incottsiderable,  leading  ther^ue  to 
the  conclusion,  that  there  are  Hlnits  to  the  proda^tkn)  of 
beat  by  percussion^ 

..The  conveyance  of  caloric  through  a  vacuuin  has  been 
advanced  as  a  proof  of  its  existence  as  a  material  principtef 
but  no  fierfect  vacuum  can  be  formed,  and  the  proof  there- 
fore is  defective.  The  phenomena  of  mdiimt  ^oric.  ap<- 
pear  to' demonstrate  the  ecustence  of  a  subtle  matter  pro- 
jected in  right  lines  from  heated  bodies,  capable  of  ezidt- 
ing  temperatai^ ;  and  dns  woiUd  aflRard  a  condusive  proof 
of  its  materiality,  wea»  it  unequivocally  ekablished  that 
these  pbcBomeha  -are  who%  independent  of  the  air :  oq 
this  point  th^tspecnlations  of.  Mr  LesUe  leave  some  doubt. 
The  existence  of*  calorific  rays  in  the  sol«r  beam  might  be 
considered  ^as  affiiarding  snntlap  evidence  j  but  the  d^ee 
of  uncertaint^yund^  which  thei  fact  still  remnilis  with  re- 
gard to  this'and  to  the  relation  df  these  rays  t0  Hgfat,  leiaves 
an  equal  uncertainty  as  t6  the  force  of  the  conclasion. 
TfaoMgh  the  h^pothMs,  therc&re,  c^the  materii^y  of  ca-» 
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Jdrics  is  ACtperior  ki  ito  adf4>tatk>n  to  the  {3iienomeBa  to  ih«t 
which  assigns  the  produclioa  of  thie«e  f^enomena  to  m0-( 
tioh  of  the  particles  of  matter,  it  can  scarcely  be  oobsidef'r 
ed  as  fiilly  established. 

It  may  be  added,  that  thos^  who  have  denied  the  mate^ 
i^iality  of  this  povtwr,  have  limited  the  discussion,  by  em- 
bracing the  hypothesis  of  Bacon,  that  die  heated  litate  of 
bodies  arises  fr<mi  vibration  of  their  particlestr-an  hypo- 
thesis which  gives  no  adequate  explanation.  Thb  question 
need  not  be  considered  under  this  restricted  viiew*    Calo** 
rie,  if  its  materiality  be  not  Kdmitted^  may  be  oonside]:^ 
as  a  general'  force  pcodueing  repadsion  i  and  if  :we  set 
aside  the  facts  with  regard  to  its  apparent  radiati<NBi>  this 
would  not  be  the.  most  improbiible  opinion  pn  the  n^ituxe 
of  this  power.    Our  knowledge,  howevinri  is  not  sufficient- 
}y  advanced  on  this  sKibji^ct,  and,  in  particular,  while  the 
relations  of  ^oric  to*  light  and  to  electricity  remain  im? 
perfectly  developed,  and  the  nature  of  these  agents  is  uti- 
known,  any  hypo^esis  must  rest  on  imperfect  gi^pnads.  t 
The  question  with  regard  to  the  matedality  of  caloric 
has  been  attempted  to  be  determined,  by  discomruig  if  it 
is  subject  to  gravitiEition,  0r  has  weight.    1%^  invest!^- 
tion  has  given  rise  to  very  4ifi<x>rdapt  .restdts^  some  expet* 
riments  appearing  to  eMabtish  itjs  gravity,  others  javourii^ 
even  the  opposite  conclusion,  that  it  countenusts  gravita- 
tion, andy  connnunieaied  to  bodies^  renders  them  positive 
ly  lighter.    These  differences  arise  firops  the  difficulties  at* 
tending  the  experiineiits  y  and  from  the  subtilty  of  thif 
agent,  it  is  not  to  be  expectedf  even  if  it  were  sulgect  ta 
gravitation,  Uiat  ^his  could  be  discovered  fa^  any  appanit]9ii 
we  can  ethploy.    We  might  probably  as  well  nittempt  to 
weigh  the  particles  c^lighti    In  some  of  die  esfie)smum% 
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accofdifiglyy  miide  with  the  greatest  care,  and  with  tbe 
most  delicate  apparatus,  no  sensible  difference  in  weight  in 
a  bodj  could  be  discovered  when  caloric  was  commnni- 
cated  to  it,  and  when  it  was  withdrawn. 


SfiCt.  VllL—Of  the  Sources  of  Variatiofis  of  Tempera^ 
ture^  and  the  Applications  of  these  to  Practical  Chemistry, 

The  tendeticy  of  caloric  being  to  diffiise  itself  over 
matter,  until  an  equilibrium  of  temperature  is  established^ 
this  would  at  kngth  be  attained,  did  no  external  causes 
operate  by  which  it  is  counteracted.  Such  uniformity  of 
temperature,  howler,  would  be  incompatible  with^  the 
varied  6petations  of  nature ;  it  is  therefore  prevented  by 
certain  general  arrangements,  constant  in  their  action, 
giving  rise  to,  and  hmiting  at  the  same  time  that  extent  of 
variation  which  these  operations  require. 

The  great  source  of  natural  heat  is  the  action  of  the 
solar,  rays.  As  every  part  of  the  earth's  sur&ce  is  not 
equally,  and  at  all  tim^  exposed  to  this  action,  inequality 
of  temperature,  giving  rise  to  variety  of  climate,  and 
change  of  season,  must  be  established.  The  extreme  o£ 
heat,  however,  which  might  accumulate  where  the  action 
of  the  solar  rays  is  most  powerful,  is  preserved  within  due 
limits  by  changes  to  which  the  operation  of  this  heat  itself 
gives  rise,  and  which,  so  perfect  is  this  adjustment,  are 
even  rendered  subservient  to  moderatipg  cold,  where  it 
might  become  intense.  ^ 

These  important  effects  are  obtained,  principally  from 
changes  in  the  atmosphere,  and  in  the  distribution  of  wa^ 
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tier*  Wheii  the  surfiu^e  of  the  earth  is. heated,  a  portion 
of  this  heat  being  coromanicated  to  the  air  incumbent  oh 
it,  this  is  eiipanded^  and  of  course  ascends ;  an  ascending 
current  is  ei^tablished,  which  is  supplied  by  colder  atid 
nipre  dense  air  pressed  from  every  side  $  the  accumulation 
of  heat  id  retarded,  and  the  warmer  air,  propelled  ^o 
colder  climates,  gradlially  giv^  out  the  heat  it.  had*  re- 
ceived* The  agency  of  water  is  scarcely  less  important* 
As  the  temperature  is  elevated,  it  evaporates  in  greater 
quantity,  and  in^passing  into  vapour  absorbs  caloric,  from 
its  increasing  capacity,  without  rising  in  temperature : 
.w.hen  the  heat,  diminishes,  or  the  vapour  is  carridS  to 
colder  regions,  it  is  condensed,  and  this  latent  caloric  is 
rendered  sensible.  .Where  the  cold  becomes  more  intense, 
water  is  congealed,  and  in  the  congelation  gives  out  tlie' 
lai^e  portion  of  latent  caloric  peculiar  to  it  in  the  liquid 
foriQ,:  at  the  return  of  warmth,  the  ice  is  melted,  and  ca- 
loric is  absorbed.  The  transitions  of  seasons  are  thus  mo- 
derated, sudden  and  extreme  variations  guarded  against, 
and  the  temperature  of  the  globe  is  ev/ery  where  preserved 
more  uniform. 

The  range  of  natural  temperature  is  comparatively  mo*^ 
derate,  extending  only  from  a  few  4^e€s  above  100  of 
Fahrenheit  to  about  50  bdow  the  commencement  of  the 
jscale.  tn  tropical  climates,  the  heat  in  the  sh^de  rises  oc-^ 
casionally  to  i  10^.  '  In  the  north  of  Asia  and  of  America, 
the.  cold,  in  the  winter  season,  is  su£Bciently  intense  to 
freeze  quicksilver,  and.must  therefore  be  lower  than  -*-40 ; 
the  spirit  thermometer  has  been  observed,  to  indicate  «»50, 
and  there  is  no  reason  to  believe  that  any  natural  cold 
inuch  .exceeds  this.  ;  The  mean  natural  temperature  is 
^bout  50°  of  Fahrenheit. 


184  -    OF  CALOUC. 

Hie.  nmge  of  temperatare  ai  escited  by  aitifickl  Bie- 
-thods  is  tnuch  greater.  We  cannot  indeed  exceed  great- 
ly the  greatest  oatural  cdd,  the  reduction  of  temperstur* 
by  the  mtMt  poweribl  freeziDg  nixtnKS  not  being  more 
than — 100,  or  132°  below  the  freeeing  point  of  water.  But 
our  power  of  ezcitibg  heat  is  less  restricted  t  it  has  been 
measured  so  high  as  160"  of  Wedgwood's  pyromettical 
scale,  or  21,877°  of  Fahrenheit]  and  as  at  tbb  tempera- 
ture effects  were  not  produced,  which  can  be  obtained 
from  the  concentration  of  the  solar  raya  by  a  poweHnl 
lens  or  q)eculuni,  or  by  the  heat  excited  by  a  current  of 
oxygen  gas  directed  on  burning  cfaBrooal,  lieats  more  in- 
tense than  this  are  of  coarse  under  our  coonnand. 

An  important  subject  in  practical  diemistry,  is  tb«t 
which  relates  to  the  fn-ocesses  for  obtaining  and  applying 
artificial  heat  and  cold.  An  account  of  these,  with  a  de* 
scription  of  the  iq>paratu8  adapted  to  them,  concludes  the 
chemical  history  of  csdoric 

The  sources  of  heat  are,  the  Solar  rays.  Electricity  and 
Calvanism,  Condensation,  Mechanical  action  between  so- 
lids, including  Friction  and  Percussion,  and,  lastly.  Che- 
mical action,  to  which  CombustioQ  belongs. 

From  the  action  of  the  solar  rays  without  concentration, 
the  thermometer  is  raised  to  above  1 00,  and  when  protect- 
ed from  a  current  of  air,  even  to  dbpve  200.  When  con- 
centrated by  a  lens  oi  mirror,  the  heat  is  of  extreme  in- 
tensity, equal  perhaps  to  any  that  can  be  excited  Jby  artifi- 
dal  arrangement,  all  the  meUls  and  earths  nearly  being 
melted  by  it,  and  many  of  them  even  dissipated  in  vaponr. 
It  admits,  however,  of  very  limited  application,  owing  to 
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the  smaUoess  of  the  qoimlity  of  mat^r  c^  wbich  it  can  be 
made  to  operate^ 

The  dectrk  spiirk  produces  heat  sofBelent  to  kindle  a 
combtistible  body»  and  tbe  dkcharge.fron)  a  battery  raises 
the  tetoperature  of  the  matter  through  which  it  is  transr 
mt^d  to  8  degree  more  or  hss  it^ei^e/  according  to  the 
filrength  of  the  discharge.  The  gakanic  dsst^arge,  wfaich 
ift  mtrdy  adiffeiient  form  of  electricity,  produces  heat  still 
more  ihtense,  soeltiDg  the*  most  refractory  of  the  metals^ 
r^aafiing  aJl  of  them  to  bum^  dissipating  them  in  vapour^ 
and  fosbg  the  earths*  ^ 

The  effenct  .of  condensation  in  producing  heat  is  most 
.conspicuous  in  the ;  compression  or  rarefiEtction  of  elastic 
fluids,  as  in  these  a  considerable  change  of  volame  can  be 
suddenly  produced.  By  condensing  a  gas,  its  tempera^ 
ture  is  raised  ;  and  by  a  forciUe  and  rapid  condaisation, 
this  extends  even  to  the  tehiperature  of  ignition,  a  piece 
of  tinder  being  fciikiled  by  condensing  the  air  in  a  metallic 
tube.  In  rarefying,  any  elastic  fluid,  cold  is  always  pro- 
duced.  . 

FrijCtiQH  aii4  Percussicm  are  weU-known  sources  of  heat. 
Two  sohd  bodies  rfibbed  against  each  other  become  warm^ 
and  firequoitly  so  inuch  so,  that  if  inflammable  they^ate 
kincQed  i  thfi  heat  excited  varies  according  to  the  bard- 
nesSy  elasUdty,  and  othar  qualities  of  the  body;  the  hardest 
are  not  those  that  are  most  heatJed.  Ofiieat  firom  percus- 
sion, the  spark  struck  by  steel  from  a  flint  is  a  familiar  ex^ 
ample,  in  which  the  temperature  is  raised  to  ignition. 

Chemical  action  is  perhaps  invariably  attended  with  a 
change  of  temp^ature ;  it  is  often  productive  of  heat,  and. 
in  some  cases  in  a  utate  of  .high  intensity.  Combustion  h 
aa  example  of  this,  this  process  being  the  combination  of 
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one  of  the  aerial  ingredients  of  the  almcfspfaere,  oxygen 
gas>  with  the  combustible  body,  and  the  beat  produced  a- 
rising  directly  from  this  combination.  It  is  therefore  much 
regulated  by  the  rapidity  with  which  the  combination  is 
efiected. 

If  oxygen  gas^  in  its  pure  form,  be  supplied  to  the  com- 
bustible matter,  the  combustion  is  rapid,  and  the  heat  is 
therefore  intense  ^  and  by  this  method  j  indeed,  we  obtain 
degrees  of  heat  as  high  as  appear  to  be  capaUe  of  being 
excited  by  artificial  arrangements.  The  oxygen  gas  is  el- . 
ther  directed  in  a  stream  on  ignited  charcoal,  or  a  current 
of  it  is  mingled  with  a  current  of  an  inflalnfnable  elastic 
fluid,  hydrogen,  and  the  mixed  gases  are  kindled. 

In  exciting  combustion,  merely  by  supplying  atmosphe* 
ric  air  to  the  burning  body,  it  is  accelerated,  and  of  course 
the  heat  is  increased  by  certain  arrangements,  causing  the 
air  to  be  more  freely  and  rapidly  supplied.  On  this  prin* 
ciple,  in  particular,  is  founded  the  cilnstruetion  of  furnaces^ 
a  kind  of  apparatus  extensively  employed  in  chemical  ex- 
periments, as  applying  heat. 

The  essential  parts  common  to  every  furnace,  are  the 
body  or  fire  place  in  which  tbe»fuel  burns,  and  where  the 
vessel  coiitainingthe  materials  to  be  operated  on  is  placed^ 
^— the  chimney  by  which  the  smoke  and  heated  air  escape^ 
— and  the  asli-pfft  designed  to  receive  the  ashes  of  the  fuel, 
and  by  apertures  in  which  air  is  admitted  to  regulate  the 
combustion.  The  advantage  from  an  apparatus  of  this 
kind- in  exciting  combustion,  is  derived  from  its  causing  a 
more  rapid  circulation  of  air.  The  air  in  the  upper  part 
of  the'  furnace  is  rarefied  by  the  burning  fuel ;  it  therefore 
ascends  by  the  chimney,  tmd  colder  air  entering  firom  be» 
neath,  jises  through  the  interstices  of  the  fucl^  and  prodo* 
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ces  a  conibtisfcion  tnore  rapid  as  it  is  mdre  freely  supplied." 
From  this  it  is  evident,  that  the  higher  the  diimney  is,  (^t 
least  to  the  extent  of  the  air  within  it  not  being  nitieh  eool- 
edi)  the  more  rapid  the  enrrent  of  air  will  be,  for  thetlif- 
ference  will  be  greater  between  di6  specific  gravity  of  the 

■  cdlumn  of  heated  air^  and  the  corresponding  cokitnnK)f  the 
external  atmosphere,  and  the  pressure  by  which  the  air  js 
forced  in  at  the  bottom  will  be  greater.  On  this  princi* 
pally  depends  the  power,  of  the  furnace  to  produce  intensi- 
ty of  heAt.  ■  .  > 
It  IS  necessary,  too,  to  confine  the  heat  and  prevent  it^ 
dissipation.  This  is  accomplished  by  coating  the  inner  ^siu^- . 
face  with  some  substance  which  transmits  heat  slowly,  as  a 
lute  of  clay  and  sand,  which  also  serves  to  defend  the  fur- 
nace, when  constructed  of  metal,  froni  the  action  of  the, 
fire.  When  fixed,  and  buik  of  brick,  the  building  is  a 
sufficiently  imperfect  conductor  to  confine  the  heat. 

A  very  convenient  general  furnace,  applicable  to  Hsost 
of  the  operations  of  chemistry,  was  contrived  by  Dr  Black. 
It  is  represented  Plate  Ih  ¥igi  lU  A  is  the  body  of  the 
furnace,  of  an  elliptical  form,  which  contains  the  foel,  and 
frequently  the  substance  to  be  operated  on,  made  of  plate* 
iron,  snd  linied  to  the  thickhess  of  two  or  three  inches^ 
first  with  a  mixture  of  clay  and  charcoal,  beat  into  a  paste 
with  water^  an^  over  this,'  next  to  the  fuel^  with  a  coating 
of  clay  and  sand.  On  the  top  of  the  body  is' fixed  an.  iron- 
plate,  having  two  apertures,  one,  a,  placed  over  the  cavity, 
hud  designed  to  receive  an  iron-pot  with  sand,  the.  other 
$maHer,  to  which  the  chimney,  B,  made  of  a  tube  of  iron, 
is  fixed.     C  represents  the  grate,  in  a  plate  of  iron  which 

.  is  fixed  td  the  bottom  of  the  body  of  the  furnace,  nearly, 
but  not  exactly  opposite  to  the  larger  aperture  in  the  up- 
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{Mr  plate.  D  is  the  stb-pit,  the  body  of  the  famace  being 
received  into  it,  and  refiting  on  a  Arong  riog  round  the 
cavity,  at  about  half  an  inch  deep.  In  this  ash-pit  are  • 
door,  b,  turning  on  hinges,  by  which  the  ashes  may  be  re- 
moved ;  and  a  r^^ter, «,  designed  to  r^ulate  the  admits 
sion  of  air.  The  register  is  a  plate  of  iron,  in  which  are 
six  ifiertures,  filled  with  plugs ;  the  size  of  them  increasing 
in  geometrical  ratio,  so  that  by  opening  them  singly,  or  in 
combination,  the  supply  of  air  to  pass  through  the  fuel,  askA 
consequently  the  heat  to  be  excited  in  the  furnace^  can  be 
regulated  with  precision.  The  liiel  is  introduced  at  the 
top,  but  as  it  cannot  easily  be  supplied  this  way  in  the  pro- 
gress of  the  process  going  on  in  the  furnace,  at  least  when 
the  sood-pot  is  used,  the  furnace  is  sometimes  constructed 
with  a  door  in  the  side,  though  this  renders  the  r^ulation  - 
of  the  admission  of  air  less  perfect.  When  the  furnace  is 
Dsed  for  fusion,  or  similar  purposes  where  a  aand-pot  is  not 
required,  the  upper  aperture  is  covered  with  a  dome. 

In  operations  on  a  larger  scale,  a  fixed  filmace  of  brick, 
and  capable  of  exciting  an  intense  heat,  is  required.  Yi^.  12. 
r^resents  the  usual  form  of  a  melting  furnace  of  this 
kuid,  the  structure  of  which  is  obvious  from  the  figure.  A 
is  the  cavity  of  the  farnace,  terminatiag  by  a  passage  in 
the  chimney  B,  which  is  raised  to  the  requisite  height.  At 
C  is  an  aperture  covered  with  a  plate  of  iron,  ot  of  fire- 
bride,  t}irough  which  fuel  is  introduced.  Oa  the  grate,  D, 
is  placed  a  covered  crucible,  on  a  pedestal  of  baited  clay'; 
and  in  the  passage  of  the  chimney,  at  a,  a  muffle  is  some- 
times  placed  i  E  is  the  ash-pit,  through  which  the  air  is 
admitted  to  the  fuel 

When  solid  substances  are  to  be  exposed  to  these  in- 
tense heats  tQ  fuse  them,  or  to  favour  their  mutual  ch^ni- 
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cal  action,  cruicibles  of  baked  clay,  or  of  clay  with  an  in- 
tennijcture  of  the  mineral  substance  named  plumbago  or 
black  lead,  are.tbe  vessels  generally  emjdoyed,  for  experi- 
mental purposes.  The  usui^  form  is  represented  Fig.  19. 
Crucibles  of  plalina  are  sometknes  used.  Cupels  are  small 
cups  made  of  bone-ashes,  very  porous:  they  are  used  prin- 
cipally in  refining  the  more  precious  metalsy  the  vitrified 
matter  being  absorbed  by  the  cupel  They  are  placed  un- 
der an  arched  earthen  vessel,  open  at  the  en^  named  a 
MuiBe,  Fig.  14.,  by  which,  inrhile  the  fuel  is  excluded,  the 
air  which  is  necessary  in  tlie  process  is  freely  adinitted. 

In  applying  a  more  moderate  and  equable  heat  to  favour 
chemical  action,  the  medium  oi  sand,  forming  the  Sand 
Bath,  is  generally  employed,  and  glass  vessels  named  Ma* 
trasses  or  Cucurbits  are  used.  The  cucurbit  is  represented, 
with  the  alembic,  PI.  III.  Fig»  18.  as  the  apparatus  which 
is  used  in  sublimation.  The  matrass  is  represented  Fig.  9« 
PI.  IL :  from  being  blown  thin  and  equable,  it  sustains  al- 
ternations of  temperature  with  less  risk  of  breaking,  and 
from  the  length  of  its  neck  any  vapour  which  is  formed  is 
condensed  and  falls  back» 

A  convenient  method  of  aj^ylng  heat  from  combuistion, 
where  it  is  not  necessary  that  it  shbukl  be  very  intense,  is 
by  the  Lamp-fumace,  A  lamp  with  a  concentric  wick, 
and  internal  supply  of  ajr,  oii  the  principle  of  Argand's, 
%^rds  a  heat  which  has  the  advantage  of  being  easily  re- 
gulated.; the  elevation  or  depression  of  the  wick,  and  the 
distance  at  which  it  maybe  placed  from  the  body  designed 
to  be  heated,  allowing  the  application  of  various  degrees  of 
beat,  and  their  speedy  change.  By  having  a  double  circu- 
lar wick,  the  heat  is  rendered  more  powerful,  at  least  three 
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tiuioi  iiiMu  GQ  llian  when  liid  limp  wilii  a>tngle  wick  is. 

used. 

'     The  Iftmp  is  aomet'uatt  attaclied  to  an  iron  or  brass  rod* 

ua  which  it  slidetii  and  to  nrhidi  are  attached  nng»  of  difie- 

rent  diameters,  to  support  a  r^ort  or  matrass  above  the 

flame,  as  is  represented  ?!•  I-  Fig.  6. 

A  mode  of  applying  avery  strong  best  at  a  siii^p<nnt, 
is  that  by  tb«  Blow-pipe.  This  instntment  is  a  conica] 
tpbe,  with  a  small  aperture  at  its  narrow  extremity,  and 
having  towards  that  extremity  a  moderate  curvature.  It 
is  made  of  brass,  or  of  glass.  By  blowing  through  this  tube 
on  the  Same  of  a  candle  or  lamp,  in  a  horizontal  direction, 
tbe  flame  is  urged  in  a  conical  form,  nn<t  at  the  extremity 
of  it,  or  rather  at  the  extremity  of  an  interni^l  blue  flame, 
which  is  surrounded  byoneof  white  light,  a  heat  compar»>  , 
tively  intense  is  excited.  It  is  used  to  ascertain  the  fasibi> 
lities  of  bodies,  and  by  the  artists,  in  enamelling  and  in 
working  on  glass,  which  is  tpelted  by  it,  so  as  to  b^  c4pA>' 
ble  of  being  moulded  into' any  shape,  qt  blovf  into  vessels 
of  a  small  size. 

The  facility  of  blowing  through  the  blow-pipe,  so  as  to 
keep  up  a  constant  stream  of  air,  is  not  easily  acquired, 
and  it  is  fatigifing  (o  continue  it  for  any  length  of  timfi. 
Bifierent  contrivan(:eB  have  been  employed  to  obv^te  this 
inconvenience.  The  instrumentissomctimes  connected 
by  a  fleifiblc  tube  with  double  bdlows  worked  by  the  foot, 
by  which  a  uniform  stream  of  air  is  forced  through  the 
tube-  The  vapour  of  spirit  of  wine  has  bemi  applied  lo  the 
sani6  purpose:  a  quantity  of  spirit  being  put  into  a  small 
vessel  which  is  heated  over  the  flame  of  a  la^p;  and  tho 
vapoifr  conducted  through  a  ci;rve<^  tube  is  directed  on  thf 
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flame  of  ^  candle,  or  that  of  a  wi^k  placed  in  a  different  . 
part  of  the  same  tin  lamp  as  that  by  which  the  i^irit  is 
heated.     A  valve  is  adapted  to  the^vessel  cpntp-inipg  the 
spirit^  to  render  the  flame  Qiore  regujai*. 

The  sources  of  Clold  ar^  IJ^refacti^n,  Evaporation,  and 
CJieiBfical  Aplion.  '    ' 

Tl^e  operation  of  tl^e  first  is  scarcely/Conspicuous  but  in 
elastic  substances,  as  in  these  only  cftn  the  v(dunie  be  sud* 
denly  changed  to  ajiyconsidere^^le  extent.  When  a  gas 
is  rarefied  by  ren^oving  pressure  fro^n  it,  its  temperature  al- 
ways f^Ils,  and  thfe  more  sudden  and  gfeat  the  rarefactioa 
is,  the  cold  produced  is  greater.  By  allowing  air,  pre- 
viously compressed^  to  expand  suddenly,  the  temperature 
is  reduced  below  32^  j  and  by  the  condensed  air  being 
previously  cooled,  more  intense  cold  is  obtained^ 
I  In  the  transition  of  substances  tp  the  aerial  ferm,  an  aug^* 
mentation  of  capacity  always  happens,  whence  an  absorp- 
tion  of,  caloric  follows.  Evaporation,  therefore,  is  attended 
with  cold,  which  ifi  greater  according  as  the  liquid  passes 
more  quickly  into  the  aerial  form,  or. as  this  is  accelerated 
by  circumstances.  .  Thus,  the  bulb  of  a  thermometer  being 
moistened  wth.  watery  and  the  evaporation  being  promoted 
by  directing  a  current  of  air  on  it,  tba  temperature  falls  5 
degrees,  with  alkohol  under  |;he  $ame  circumstances  12  de- 
grees, and  with  sulphuric  ether  30  degrees.  Water  thercr 
fpr«  is  easHy  frozen  by  cold  produced  by  the  evaporation 
of  ether.  On  removing  the  pressure  pf  the  atmosphere, 
the  evaporation  is  more  rapid,  and  the  jcold  is  greater.  In 
this  way  quicksilver  may  be  frozen  by  the  cold  from  the 
evaporation  of  ether.  Or,  if  the  evaporation  go  on  in  a  re- 
ceiver which  has  been  exhansted  of  air,  if  an  arrangement 
\^  ^X  the.s^me  time  intj^dpced,  by  which  the  vapour  fron^ 
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the  evaporating  liquid  is  quickly  condensed,  the  evapora- 
tion is  more  rapid  and  the  cold  greater.  Mr  Leslie  first 
made  this  arrangement,  by  exposing  water  to  evaporate  in 
a  receiver  exhausted  by  th6  air-pump,  and  at  the  same  time 
causing  the  absorption  of  the  vapour  by  sulphuric  acid 
placed  in  a  wide  vessel  without  the  receiver,  he  succeeded 
in  producing  a  co|d  sufficient  to  convert  a  p<»*tion  of  the 
water  into  ice.  By  coating  the  bulb  of  a  mercurial  thermo- 
meter with  ice,  and  submitting  it  in  a  similar  manner  to  the 
action  of  sulphuric  acid  in  the  vacuum  of  a  powerful  air 
pump,  he  succeeded  in  producing  a  degree  of  cold  suffix 
cient  to  freeze  the  mercury.  Another  arrangement  on  the 
same  principle  is  that  since  constructed  by  Dr  Wollaston  ; 
two  glass  balls  being  blown  at  the  extremities  of  a  tube 
eight  or  ten  inches  in  length,  and  bent  at  both  extremities' 
at  right  angles  immediately  above  the  balls ;  one  of  the  Sails 
is  half  filled  with  water^  which  is  made  to  boil  to  expe)  the 
air ;  the  opening  which  has  been  left  in  the  other  ball  is 
•^then  hermetically  sealed.  If  the  empty  ball  be  surround- 
ed with  a  freezing  mixture  to  condense  the  aqueous  va- 
pour, the  evaporation  from  the  water  in  the  other  ball  is  so 
rapid  as  to  produce  cold  sufficient  to  freeze  it. 

Chemical  action  is  a  source  of  cold,  by  the  rapid  change 
of  form  to  which  it  gives  rise,  solid  substances,  by  combin-* 
ing,  passing  into  the  liquid  forni,  and  this  being  attended 
with  enlargement  of  capacity. 

The  most  simple  example  of  this,  is  in  the  solution  of  a 
salt  in  water,  which  is  always  attended  with  a  fall  of  tem- 
perature,  in  some  cases  to  the  extent  of  20, '30,  or  40  de- 
grees. When  mixtures  of  salt  are  dissolved,  the  reduction 
is  still  greater,  and  these  form  what  are  usually  named 
Freezing  Mixtures.  Equal  parts  of  muriate  of  ammonia, 
and  of  nitre  in  powder,  added  to  water  in  the  pr<^rtioH 
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ct S^muw 9y  r^due^thettifiDperalufe from  tiO^  to  11% 
Md^liisiifoviiifi  one  df  the  moirt  cKSonbmilaii  of  these  mfat- 
tnresf  as  the  solid  matter  teeoy0$ei  by  evapondjony  ami 
ddedy  answers  e^ally  wett  af  %eforeu 

J^  idiM!0lv4«ig^  flialcs  iti  acid»  ildcnncr  <^  lest  dilirtedr  greater 
d<^ee9  (Vf  «d]d'«^  obf^fldied.  Sii%}fc^  of  tida,  BifAsA  tft. 
sQ^biirk^-^u)^  pore? ie«6ly  Akicad  tiitb  attaqudk  waigbt  of 

twn^v  of  j^Jtti  Ottuie  a  gfeatm  dtf^eilrioii;  Ffoift  piKMphatt^ 
o#  nodat  ofliAiifi^to  of  am«iodit,  ntddidf  todiUMad  misrk 
aoid)  a  i^edbction  k  obtained  ftmnr  dO  t*  «^^a v 

The  eoid  from  akiito  actbtia  Merles  beinraeit  thei* 
mkteamimi  ^a^  ko  or  snow,  ia  finfil  nto^-mtewMi^^;  aia  the 
obaoapiiiift  of  oakNrkv  from  ther  im»afactamt  of  tfao  it^e  h  atdd^- 
od  t<^  tk»t  from  tbo  sdtttiof^ctf^  tlio  laiiiio  amdOer.'  Aat4% 
w  a?  cmrtdlii  state  ei  Metintmj  poofod  o»  Mtor  of  icOi^  i^ 
^OM  the  teaoperatiiro  i&\Or  2d^  or  SO'deigrQet  itehm  tka 
froeriog  point  ctf  watai?.  Solid  ftalts<  alvsod  witU'  anowr.  anr 
ofie»  equally  po^^^airfolL  A  iiiKiKto|!0  of  ooOiiadii  aoil  and 
tn0M$r  ixtSa^ii^A  FabMUhoii:  tW  tampeaaitirpr  aft  nJiiBb  ba 
osnnnieiieedi  kii^  scada;  A^^  finbc«9irar  of  dry  potiak  and  fllga# 
reduces  the  temperature  to — S^^ftimiwvaUtiLtOiG^Qinmfi 
riate  of-fiiHO'atid  siiow  tor->^6'^. 

.  Ttomiiim  appllootion  of  thoos^  fr«oziiig  itin4hirear  ^3bo  e& 
frwSa  of'  itMttfiai^  coU(  6w  a  nomtiar  of  smbaiaittcaeB  harre  baoi 

y 

SBOOitaiwdi'  QofakaUyfey  io  ea^rtrtdteyqi,$oMd>the  rootttt 
ductile  oC  tl|6  niol^  k>(9io^  tll^r  AMtiU«rp ;  Mqttidlb  Aat  nesait 
ftontagf  ifiHMl?  p«Pifoirfibilyi  otf^  witii^  btttadif,  ediet^  and  dim 
M»tt»  ack^  ai^  congotitecS  V  and:  some  of  tbe  gases  tbal  ap^ 
ff9^f  p^rmmm^t^  BSta^a^vm^  «ild>  03ry-»i«riati<Ki  acid  gov 
have  been  brought  to  the  liquid  form;  Alkoliol  bigfaly  i^ee^ 
tS^etl  is  tho  oilly  liquid  t^  kad^  Hosudeck  dtM  aongeaiug 
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tower  of  tbew  misturei :  it  ha»  latdy  been  firoun  by  Mr 
tlotton  I^  B  method  not  made  public*  bat  which  mtut  of 
sMrae  produce  very  inloiK  cc^. 

Hieproceu  of  artificial  rcfrigeratiom  to  be  lucceHfiil,  re- 
{uirea  to  be  conducted  with  attention  to  Kreral  circum- 
itaaces.  The  solid  aalti  ought  to  be  recoitly  cryrtaUiMdr 
IrjT}  and  reduced  to  fine  powder,  the  due  proportioaM  ob- 
tared,  the  materials  accurately  mixed*  the  vevel  employeit 
tn  imperfect  conductor*  the  air  excluded  as  much  at  pea- 
iUe>  and*  to  attain  extreme  cold,  the  material!  mut  be 
treviously  cooled,  taking  care  only  not  to  cool  them  bdew 
hat  temperature  at  which  th^  can  act  on  each  other- 

The  theory  of  the  action  of  freezing  mixtures  ultimatdy 
«it8  on  the  principle*  that  the  reduction  of  temperature 
iriset  from  the  augmmtatioo  of  capaci^*  prodaced  by  the 
apid  liqueflwdon  <rf  the  solid  ingredients.  TherearesoiBe 
leneral  &cts,  however,  connected  with  this,  of  importance^ 
larticularly  aa  enabling  ua  to  point  out  what  subttancet  are 
lest  fitted  by  their  mutual  action  to  produce  cold,  what  d^ 
rree  of  cold  may  be  expected  &om  their  mixture*  what  wiU 
ie,tbe.mBximum  of  refrigeration,  and  what  the  beM  pro- 
tortiouB  of  the  mat^ials. 

It  is  obvious*  that  those  substances  will  produce  the 
;reatest  cold,  which,  by  their  mutual  action*  produce  the 
aOst  rq)id  scdutitm, — which,  during  that  stdution,  so^ 
be  greatest  augmentation  of  capacity* — and  which  forma 
ompound  that  at  tow  tem[)eratures  remains  liquid.  Tlinre 
1  perhaps  no  individual  faiixture  in  which  all  these  circum- 
tances  are  presoit  to  the  greatest  extoit ;  yet  the  kno^ 
^e  of  them  enables  us  to  point  out  the  respective  powen 
f  the  mixtures  usually  employed. 

Tlins,  in  the  solution  of  a  salt  in  water*  thece  is  mere^ 
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itie  gfitdiial  tmisitito^f  thd  solid  to  the  timi  (ttrmt  be&^ 
the  cold  produced  is  not  <km»^3?i^.  When  two  salts 
are  mingled  togedier)  tJiese^  by  tkeir  reciprocal  a^Oo^b^th 
'«oodemte  the  solutiott  of  each  ot^er,  and  en^Ie  a  given 
4]$»mtitf  of  water  to  dissolve  a  gr^^r  qutmtl^ :  as  mdre 
folid' mflitter,  dt^*6fore,  passes  to  the  Mquid  state,  and  ddes 
to  l^re^  qaiefcly,  a  greater  portion  of  caloric  is  absorbed 
in  agNeti  time^  and  agreiit^r  degree  of  cold  is  produ^* 
llie  ^^alti^Gticm  of  aeidfl^  to  water,  or  tatll^  to  tiie  solid 
inatler'of  Water,  is'etreng,  and  their  mutual  action  energe* 
tile;  ice  too  is  n  substance  whiefa^iB  iti^lariJIiiiiHotile^^ifi- 
Igr,  snffihrs^^ a  krge  aagm^ntation^ iif  (^^iiettjf;  htoceittai^ 
be  ed«i^l<id<ed^  what  experiment  provee  to  be  ja^i  that  iiroai 
the  aetton  of  acids  on  sn6w  or  iee,  a  great  degree  of  cold 
wilt  ari«e.'  In  the ihixt^of  ^o  sdid  substaineai,  .whi^ 
t^mntuiBil  action  pass  to  flt^idity^  the  coniparative  enlarge^ 
mebt  of  capacity  roast  be^tsU  greater,  and  a  gt*eater  diini- 
mitioii  of  temperatnire  produced,  though  this  is  in  sokne 
Hielisilre  limited  by  Uie'  ^ea^er  'slownesi^  with  wfaieh  tWo 
lidlids  act  on  each  otberr      .  ^ 

Am)lher  principle  is  tcnbe  attended  to,  which- in  these  mti- 
tufes  modifies  the  quality  of  calorie  absorbed*  fi^om  the 
Ii^ue&klitlbn.  Altbotr^  ll»e  indirect  consequence  of  the 
'chemicialaetion  between  the  substances  mixed  is  absotption 
of  calodcrin  consequence  bf  the  liquefaetion  it  occasions, 
yet  4ts  dii-ect  tendency  k  to  evoke  caloric,  by  t^e^  increase 
of  density  which  chemical  action,  Independent  of  change 
of  fei^,  occasions,  j^ende  two  effects  result  from  the  mn- 
ftM  a<^lion  <]f  the'  ingredients  of  freezing  mixtures,*--evolu- 
don  of  c^oric,  as  the  iltimMiate¥esultof  the  combination, 
and  ai)s6Vption  of  caiorici  -ai^  the  result  of  the  Kquefiictiim 
10  which'thifr-combinf^ion' gives  risb;  atid  the  ultimate  ef- 
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SetX  k  cwipovided  cf  lkfie»  or  tbe  actual  cbasge  ^  tem- 
|ietatiiiBi»Mily  tbe.ex«aiao(tfeteone~avcr  theaiber.  Thia 
w  ^enonlly  wM  bot  tk«x««ene  womftimn  luppinub  a«  in 
powrvig  «  opnceoUf^d  aput  <ki  taow,  or  diawUii^  aalifl 
pfMiU  w  nwUw  i  aDdwb«r«oQj(IiB.pnidvof(l«  itic  ajhn^ 
Icmoed  bj^  tbw  «VfW-  It  v  thierefore  aoawtimeB  adTSntar 
geOW  to,  dgnlniih.  thfreoeigy  oE  tii«  more,  active  ««Mww* 
tqr  prenons  (MliMJoo,  a« ID  cqif^of i^g  tbfi apida ;  wid.i«aB 
vana  dxn  i>  a  mtaiA  at«t«  of  <y>QgmtnAiqB  o[  tbeiiiiit«- 
nai*.  apA  a  natm^  pvpmim  9^  tbmi*  firam  w.bicb  tbQ 
gireafKstcolfi  wfU  ^ohtaiDol, 

ifitt^t  ii  it,tp^miiii|-)Kd,  that  w«  do  oot  oJMww  t^ 
ndvption  of  u^vpeiaMue  to  tbe  lpw«tf  powt  io  tlie.tlb«>T 
9KH(>4ri«al  sca^  Sv^q.  tbMe  mbAuces  wbidi,  dnnog'  itwir 
«pMial,B(:Uoibi^W9)cbiiiinACBlonc.  If  we  ti^celwici  froM- 
iiig  iB^Q««a,a(>9'^ii  tlw  <nw  mnriate  of  Im^  md:  snow* 
tlMOtl^ diiutfld  aidphiiric acid  and  mow,  th^  krmfv  wH 
pCpdt"%ii»piie<^tbanLtb«^t^i  itwUMj^t^QtliMiKkT 

VfHtpr,  tfi.-r4f)f'.OK—BO°,yiiuifi.the.oibW!wU:aBi  ij  toWt 
more  dian — 85".  But  we  may  reacb,a.lp<mrp9ipt  in  ^w 
si^^  q£  t^qip^^afw^,  by  aofiqeftt^  qplKatfrn  oC  diluted 
autirluiric  api^  andi  'WW.  tbftn,  w^  <^n  dc  by  mwiats  q| 
liffe  apd  si^tiTj  £n>  99^,  a,  <;et;MJD,  tempwtturc,.  tb?  lat^n 
inKi:pU^,d0n.npt,liiqac^,  but,  m  4i4  cofftraiy,  wmQ,i(  li- 

-  a^.IpifEfar.teinpfxajtqr4s,lti^.  tbist  If -i^  Qopl^  fpc,  f)Mmi)g, 
pfejvUjUitQifiijimrfa,  i9u;fi«tjB.Qf  lim«-8pd,saQ«tt>— tTS"* 
119  (»d?r^n|*igfl  U,g4vi^,^«,e<[eo.rtitl|er  dimJIli^btlta^BMI-. 
Uwl,a^OO,,  ^yy8diding*>,ti|B  (;ol|flMQO.o£:^a<^       Bmt.l^ 

PfiPfiq^»)jfi  opoliBft  dilute, wIpUwJfi  aiQid-.wd,«opw>  a» 
ifppp^Wt  adTAqtygR.  if,  sitnofl;.  t^  S8S>B.  lifl«f  i»  nrt 

plv»4tft.t)}^,iiw(4a)  wt^qih,  An(l<thaiw8r:.tbiitfiinpv«, 
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ture  is  reduced^  the  lower  will  the  temperature  be  that  re- 
suits  from  that  action,  down  to  the  point  at  which  the  li- 
quid  formed  by  the  action  of  the  acid  on  the  snow  would 
congeal,  and  this  is  muc^  lower  than  in  the  other* 

This^ furnishes  us  thereibre  with  the  general  rule,  that 
the  temperature  can  never  be  reduced  by  a  freezing  mix- 
ture  beyond  that  point  at  which  the  liquid  combination 
resulting  from'  that  mixture  congeals  or  crystallizes,  and 
riiust  indeed  al^ajrd  W  k  dbgf^  or  t^b  tdxoV^  it  K  til^b; 
ih  soihe  hi^atofe;  MSf'Miiei  the  ptopbiHiibtik  ^  #titch  tite 
sub§i2iUdes  l^fabtild'b^  i^iked  iB^eiher ;  Ibb^b  beih^  b^^t,'  ih 
^ibh  the  attidh  k\tiA  hk  IBBst  i^t^id,  WitKbiit  b^i%  toU 
di^getie  tdi  evolve  hm  if^ia  the  ^bthbiAdK^h;  bhd  itt 
which'  the  ir^ifhing  homnh  ii  of  tiikt  str^gth^  Attt  ii 
least  li^bU  io  congeal'  dr  bijrstalii2t^; 

In  ih^  ApptitdiK  ^m  He  ftrmid  k  tabl&  tif  ihed^  ItMib^ 
mixture^,  l^htch  dfe  (li^^lUlb,  ^ihef  tii  ti^n^  e^fofioiiH^ 
ckii  Easily  mafatfg;edi  or  tkpaW  i^  i}ii>diithig  ver^  M^e 
col^s.  ^ 
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lH£  malemlity  ofUf^  and  its  inwlaffd  exirtimctv  are 
snfficfently  danonstiated.  Its  enussioD  firom  bodiesy  iu 
moCioD  even  to  tbe  most 'distant  rq;ions  of  space  indcpeo- 
dent  of  any  mediiun,  tbe  diaoges  which  may  be  produced 
in  that  notion  by  reflection  and  inflecticm,  and  the  che-. 
micai  effects  it  produces,  are  proo&  of  this  material  exis- 
tence, free  from  all  doubt.  We  cannot  easily,  howeyer^ 
trace  the  combinations  of  hgfat :  we  observe  only  its  evolu- 
tion and .  absorption,  and  the  effects  arising  from  these, 
without  being  aUe  to  discover  how  fiur  it  influences  the 
constitution  of  bodies  in  which  it  eusts,  or  to  what  exteat 
it  is  liable  to  the  laws  of,  chemical  attractimu  Its  chemi* 
cal  history,  therefore,  fidk  to  be  considered  under  a  point 
of  view  nearly  the  same  as  that  under  whidi  caloric  is  re- 
garded. And  with  that  power  it  may  justly  be  associated 
as  a  repulrive  agoit,  tbe  particles  of  light  bein^  mutualty 
repellent,  and  operating  perhaps  as. much  in  the  prodao- 
ticm  of  chemical  changes  by  the  repulsion  they  communi- 
cate^  as  by  the  ajBuiities  they  exert. 

Light  has  been  r^arded  as  consisting  of  particles  of  ex- 
treibe  minuteness,  projected  from  luminous  bodies,  and 
moving  in  right  lines  with  the  utmost  velociQr.  It  has 
also  been  considered  as  a  continuous  fluid  of  perfect  elas- 
tici^  and  extreme  tenuity,  di^sed  through  space,  m. 
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wUdt  vSbaitiom  are  excited  by  Iimiinoitt  bodies/  so  as  to 
produce  its  pecaltar  phenomena.^  Hie  farmet  opinion  bad 
been  more  generaUy  received,  as  better  adapted  than  the 
other  to  the  explanation  of  the  physical  affections  and  re« 
lations  of  %ht ;  and  it  appears  to  be  more  durectly  esta- 
Uisbed  by  the  chemical  agencies  of  this  power,— -its'ab^ 
sorption  by  bodies,  and  its  subsequent  evolution*  If  it  be 
admitted,  the  minuteness  of  the  particles' of  light  must  be 
extremely  gn^t,  beyond  even  what  die  imagination  can 
clearly  conceive,  as  is  evident  from  the  velocity  of  their 
motion,-  and  liieir  not  being  interrupted,  though  maving. 
in  qMce  through  which  innumeraUe  rays  are  constantly 
projected.     ' 

The  particles  of  light  are  mutually  repellent  So  per-v 
feet  is  its  elasticity,  that  it  is  reflected  from  a  body  at  an 
angle  equal  to  the  angle  of  its  incidence.  It  is  subject  to 
the  attraction  exerted  between ,  masses  of  matt^,  as  is 
proved  by  the  inflection  it  suffers  in.  passing  near  to  aHy 
body,  or  in  passing  obliqudy  from  one  medium  into  an^. 
odier,  which  gives  rise  to  its  refraction. 

A  ray  of  U^t  is  not  homogeneous^  but  consists  of  par-^ 
tides  stt£fi»*ing  refraction  in  different  degrees,  and  hence 
capaUe  of  being  s^n^^ed.  .  Theserexcile  the  sensation  of 
vision  under  di£Sn*ent  modificatiom,  giving. rise. to  diffis-* 
rent  colours ;  they  also  produce  difierent  chemical  effects. 
An  entire  ray  of  light  is,  by  trammissipn  through  a  tri-  ^ 
angular  glass  prism,  divided  into  seven  rays,  the  red^ 
orange,  yellow,  green,  Uue,  indigo  and  violet,  the  red  be- 
ing the  least  refrangible,  and  therefore  Calling  on  a  ipace 
least  distant  from  that  dn  which  the  undivided  ray  would 
have  impmged,  had  its  direction  not  been  changed ;  the 
violet  being  Ae  most  refrangible,  and  fa&ing  therefore  on 


^ 
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a  space  inpit  diataiiA>fnMD  ibis ;  tbt  «itb««a-beiagdHrrafapid 
WtiveeD  tiyest^  tlw  vhale  foraiifij||:  the  pf ifimatjc  spestthim* 
In  this  the  diffsrent  ooljpttre4  n^n  oacupy  uiieqaa)  apaoai^ 
and  ih«r  lioiits  are  not  pert«ctly  defined.  The  diflbrehcni 
in  the  propevtiet  erf  the  laoloiired  rays  Jiave  been  toppoaeil 
to  dqie&d  OB  the  daflertfU  mognilude^  oP  their  pai 
Mx^n  the  .difi^ent  velocities  with  whieb  they  niove«i 
posi^ons  wbich»  bowewr  they  may  he  adapted  to  the  phyt 
gical  .leiataens  o£  these  miysy  scarcely  evpbip  the  diffidvenoes 
in  their  cberoioal  powers.  / 

lAf^  i&  diffiamitly'  affected  by  diflRereut  bodies.  ',  It 
prunes  through  some  with  Uttle  interruption  v  by  others  it 
is  reflected;  some  reflect  one  ray  retaining  the  nthrm,  an- 
dfcct  giving  rise  to  die  oelaors  which  bodies  exhibit : 
tliexia  ai^  lastljr^  some  in  whid)  the  light  is  absorbed^  and 
is  l(Mt  by  numeroBs.  teflections  and  lefraotioDs. 

Light  firms  a  mare  iatimale  uttioa  with  bodiet^  ef 
ifhich  there  ai«  dtf^rent  degree^.  Bf  some  k  is  absorbed* 
and  is  again  doEwly  eaikted  widMHit  any  sensible  change: 
in  others  it  occasions  alterati<me  of  temperahnne,  or  of 
ceiqpositieny  acting  as  an  important  ckemical  poweir. 

Tile  pvpper^  which  has  been  named  PhosphoiseBceiieef 
appears  to  depend  od^  the  first  of  these  kinda  of  oomfain** 
.  tfens.  There  are  a  number  of  substaaoes  whidt,  whea 
exposed  le^  light,  i^pear  hnninons  wht n  removed  firon  it, 
and  eoniiiiiie  so  for  a  longer  ot  shorter  tiine.  These  ftre 
named  Sblar  Ptiosphori^  and  the  hinuaoaa  appearance  q& 
Aem  appears  to  arise  from  the  light  bei^g  imfaibedy  aiodl 
again  stowiy  eimtted. 

This  property  fscenspieuoas  in  a  number  of  natnral 
sahstances,  partienlari^  in  earthy  minerals,  as  the  gcms^ 
marl4^  heavy  speeej  #nor  spar^  and  othersf  andelapSo 


faidiet  bdongiog  to  the  '^iig^tdUe  iad  ontiBftl  kSngdotfis^ 
as  in  8v^r»  (papcfV  the  ahelk  of  nmriiie  wimsls,  ^c.  So*- 
]ar.phoq»horiv€An  be-lprepared  by  aitificial' prbcesses  stiH. 
more  [IdWerfiiL :  The  Bdogtilta  pfaoi|>faotttS)  in  ^hkhi 
the-i^sopertjr  w^r  first  obsenred,  is  prepared  from  ful^hate 
of  bfivjrtles  loadeinfeo  e  paste  tvSth  'iimciUige»  ahd  calbined 
itt  c^atact  with  i^ited  eh^rooal.'  Canton's  pfaofi|)faon«r» 
vthkik  is  ittili  mate  powier6d|  kf  fdritied  from  osiSnkdeyi* 
tftrdbdls^  mixed  mtii  sttlphBr,  and  exposed  io  the  heat  bf 
ignitioa  in  a  cirucibfe  for  ah  honn  ,  ^ .  .■ 

.  Tbfare  is  innch  diversity  in  the  'degree '<rf*phd8Jbhores«<' 
cenee^  Sbine,  emst*  aft^  exposure  to  s^r  Ught^'  dmie  4o 
feeUyy^faat-i^eeye  PGx^uires  to  be  reilclered  jiennble  by  « 
preriona^darlEi^ss  to  peri:ef?e  it.  Others  are  iflnniinated 
ligr  4be  QiereJHght  of  day ;  and  sdme  beconie  pfabi^hote»^ 
cent  when  esposed  to  the  h'ght  of  »  knip«  Some  sre  rea» 
dcrad  Jomiitoiis  fay  an  eleetrical  dtschai^e.  *  The  light 
emitted  is  not  always  white ;  it  &  frequent^  yeHow  or  red» 
and  some  phosphori  exhibit  the  prismatic  eokmrs. 

Ulnopeeatture  has  a  marked  effect  on  the  emiiboon  of 
}|^  b)r  llieee  bodies^  Wkeft  they  are  sbimng^  the  lumi«: 
nCHif  appeoisaixice  eeases  if  diey  to-e  exposei}  to  the  eold  of 
flfi^sMg  mJOBtiire^  h  beooipes  more  TiviiEi  by  apf^^g 
heiit^  a^*tf  kiMe  eeased^  it  may  be  renewed  by  apf^ying 
d  «IMiiger  best,  so  that  a  piece  wfaicft  has  been  for  some 
time  qirite  daiii,  may  be  made  to  shine.  When  the  pbo6« 
phoyisicencwv  ^omeftt^  haa  been  excited  by  heat^  it  eeiises 
p^opettionntty  sooner,  and  is  not  renewed  but  by  ^S|)6sare 
again  to  light. 

iW'propefty  is  qmlse  ^dependent  of  the  action  of  the. 
fiif^^  lAiosphof «ftcefit  subMmcd  shining  cleirly  when  in^ 
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Hie  pboionieiia  oF  sohr  phosphoreBoenoe  appetr  te 
lead  to  the  c^ndusion,  that  li^t  is  abeorbed  by  the  pfaos^* 
phorescent  body,  and  is  again  emitted,  this  eanisrion  be^ 
ing  promoted  by  the  repolsiTe  agency  of  heat.  There  is 
an  obgeetion,  however,  to  this  in  thefact^  which  appears  to 
be  suffidentiy  estaUished,  that,  in  exposing  the  phospho* 
resoent  body  to  a  particuhur  coloured  ray,  it  is  not  this  cok 
loured  lig^t  it  emits,  but  merely  the  light  whidi  moidly 
proceeds  from  it ;  one  which  shines  with  a  white  light  con* 
tinning  to  do  so,  whatever  ray  of  the  plectrum  it  has  been 
exposed  to;  or  one  which  usually  exhibits  die  prismatic 
odours  when  rendered  luminous,  still  damg  so  whether  it 
has  been  submitted  to  while  light,  or  to  the  co^owteA  light 
of  any  individual  ray.  '  Hiese  hcts  are  singular,  and  not 
easily  explained  on  any  theory ;  but  it  is  not  imposs&Ie 
that<me  ^>ecie8  of  coloured  liglit  may  be  capaUe  of  bdng 
converted  into  die  others, — a  suppositimi  which  would,  in 
some  measure,  reconcile  tibem  with  the  obvious  theoiy  of 
phosphorescence. 

Another  qpedes  of  phos^iorescence  »  thit  exdted  by 
heat,  independent  c^  any  previous  expotiare  to  l^ht,  and- 
whidi  is  incapabie  of  .being  raiewed*  It  is  exhibked  par- 
ticularly by  fluor  spar,  by  several  of  the  gems,  and  by  a 
number  of  earthy  fiissils,  the  luminous  afqMaranoe  bdng 
more  or  less  vivid  when  heat  is  s^fdied.  The  li^t  ^oitted 
is  often  coloured ;  that  from  fluor  spar  is  purpfe ;  in  some 
the  luminous  appearance  is  momentary,  in  others  it  amt^ 
nues  longer ;  it  is  equally,  with  the  former,  indep^idait  <tf 
any  acticm  of  the  air. 

Phosphorescence,  applurently  similar  to  this,  is  ^cdted 
by  attrition }  two  pieces  of  quartz,  for  example,  i^ipearing 
luminous  in  the  dark  when  rubbed  against  each  otbieri  and  . 


Of  M0HT* 


20S 


cdier  fositfs  shiiqjng  even  from  v^ry  slight  friction.  Vtom^ 
sotne  the  tight  is  cdiourless,  from  others  coloured:  it3  pii>>  . 
duction  is  indqpe&dent  of  any  action  of  the  air,  as  it  is  e^ 
qoally  br^ht  uncfer  water ;  it  is  not  accotnpanied  with  any 
$i^fr  of  electrical  excitation.  The  attrition  might  be  8up«, 
posed  to  exeite  the  light  by  the  heat  it  may  produce ;  but 
the  very  sli^t  fiiction  that  is  often  sufficient  to  produce 
the  luminous  appearance^  is  un&vourable  to  this  ofmiioa : 
there  are  fimsiky  too,  rendered  phpsphorescait  by  friction 
and  not  by  heat,  and  viVf  versa  i  and  in  those  which  are 
phosphorescent  from  both  c^iases^  if  the  lun)inous:appear«« 
ance, has  been  excited  by  heat  untO  it  cease  to  a|^ar»  is 
may  be  produced  anew  by  attrition.  . 

A  kind  of  phosphorescence,  different  from  any  of  the. 
preceding  varieties,  is  that  exhibited  by  animal  matter*. 
]l4#rine  animals  are  remarkable  for  this  property  ;  almost 
all  t|ie  species  of  sea  fish  becoming  luminous  after  they  have 
been  removed  for.  some  time  from  tbe.water,  and  continu- 
ing  to  shine  for  some  days.  The  same  appearance  has  bew 
occasionally  observed  from  the  flesh  c(f  quadrupeds.  It  does 
not  appear  until  the  animal  has  been  for  some  time  de- 
prived of  hfe,.  but  it  is  always  apparent  before  there  are  any 
signs  of  putrefiiction,  and  it  ceases  when  that  process  is 
fuUy  established. 

The  most  important  fact  with  r^ard  to  this  species  of 
phosphorescence  is^  that  the  matter  having  the  luminous 
quality  can  be  extracted  in  a  state  of  solution.  If  the  sub«» 
stance  of  any  marine  animal  ki  the  phosphorescent  state 
be  macerated  in  a  saline  sdution,  as  that  of  sea-salt,  or  any 
other  neutral  salt  of  a  certain  strength,  a  lucid  riQg  soQn 
appeajpB  tk  the  sur&ce,  and  the  whole  becomes  luminous 
when  agitated  ;  this  continues  for  several;  days^  becoming 
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wgrftdilally  more  fniiit  ^dtil  it  is  exdngQifebed;  iPteA  #lu 
t«r  i||S  tticapabte  of  extirooting  this  luminous  matter  i  the  lu- 
irriiious  appearance  in  salt  water  is  extioguisbed  hj  leuci^ 
idkalis,  drdeni  s|>irit,  and  other  substances.  A  ceHain  de^~ 
gfee,  too^  H^  Sfdine  idipr^aticm  is  lieeessbry  to  iis  [i|)pMr»i 
ance  $  fof  it  ift  ituifiended  by  a  sdiltic^  eithei*  loo  dilate  ^ 
tO(^  eoMetitrated^  being  Irevived  in  this  case  wh^n  the  p^O^ 
pet  slate  of  cofit;isntf citii^ft  is  testored. 

l%ib  {4ios|ph<)<^dstielH5e  is  augmemed  by  agitati^ii :  It  Is 
itmpalt^  fitid  eVeh  el^tifigutehed  by  cold,  but  is  rerit^  hj 
heat :  if  the  hUHt  howeVer^  be  too  high^  stieh  as  ibAt  df 
boiling  water,  it  is  in^^doti^ably  e^tiiiguisbed.  ,  JB^dusie^ 
from  the  atmosphere  preVenlH  its  appefirBllce»  iltid  &  tiiiln* 
b^  of  elastiii  fluids  ndt  only  pr^6nt  il  from  appearing,  Wut 
elttitigdisb  it  wheh  it  has  been  {M'oduCed.     It  is  not  bright-^ 

etf  however,  in  otyg^  gas  than  in  atmospheric  aiii  Neither 
is  it  accditipanied  With  any  sensible  beat* 

The  li^f  frdm  i^ttoi  wobd  appears  to  be  of  a  diAllat" 
kind,  obsetvingf  in  its  pfodiictidli  and  eifttioclk)^,  verjr 
nearly  the  satii*  ^elatio/riS«  *  , 

Light  is  etiiiCted  from  eettami  in^cl^^  sH  fronS  th^  gldW-t 
worm,  dt  the  hm^fti-fly :  the  light  i^  /atiablc)  beifi^  at 
one  ntomerit  brilEant,  at  another  faint.  The  ItimiilOuS  &p* 
pearance  depends  on  a  peculiar  secretion^  and  may  ^en 

be  iibtainec^  dc^  its  r^eptad^  by  dMtipr^ton  }  it  eonti- 
n^^  to  iftiine!,  tbo^  (6r  softife  time  ii&^  the  d«ath  of  the  am-^ 
iKkd<^  It  liad  hem  observed,  that  tha  li^  cff  the  ^ow-^ 
w^m  beeotttea  imm  viVM  wbin  it  is  ^aeed  in  oK^gefi  gasi 
Whicb  gitfe  rise  to  thla  aospicioh  of  iis  being  produced  by 
the  ehemkid  aetion  of  oxygen.  The  gaay  howiver^  appeatB 
f#  aet  taiher  by  exciting  tb^  secretionf,  far  the  oxygen  is 
HM  iif)paireA  iti  ^rity  ^  and  the  Inminbiis  appi^rance  a 
ob^ined  when  the  animal  is  under  water.    This  species  of 
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p^^b<>ir<ssce?tHS9f.  W^  %hi^  &^^  miB^riim  anuo^  matter^  is 
eatiijPguJGJiiG^  b9}b^drc^9»  ciKr|iQQ««.90Jii»  and  othf^r  elosiie 
fluids,  tot  ire:v4Yes  OH:  «4wt«iP9  i^mo^pberic  fiir.. 

l^t^  t<k  \\^ffMf^n  9t  ^im%tmg  tm^i^\ae.  The.  solfir  rap 
ai!Q  4^  g^j^^m^^  qfmt^mi  Tm^i  md  ^en  coooentrftf 

XHff^QQ^^.  kh^  of:  woifit^  9^A  mmin^  boated  by  solat 

tJe  ^t^sifFij^ilmit.  ^  ft@«pc««(|i|i:^J/»i  iMli  80^  much  raiaeda9 
kpi  tl^pm.whklk  909  «paqii«^  a4<i  ^mmo  whicb  are  whiter  arq 
l^i^«!^  tbitfli  tho^  of; 4r  dauber  shadis^ 

^^^  t]^^  41^  dil^re^t  colpuiod  vajjrs  of  ligbt  hare*  difia-i 
fifflUt  b^^tpg  pc^v^f^ra.  IibtjteHit  Qb9«cv£d^  thai  the  v^  cay 
9^jgjliyt<^]lili*nSkare  bc^ti^gf^aw^  thao  white  light.  Hocfaoal 
fi^HSdtt^fittail^  tikfifmPVH^iiSXt  ^qpiwedsiicces&ii^elyitotke 
a^(H>^  qf  tli#  c^feiq^^,Qolg9iC!9d(  iiay%  aqpacalsdby.ii  priao^ 
ro8p  }|igh^.48  i^wsis^mavod  fWm  the  viit^  to^tibe  sed^  tba 
^^^Ipc^  i%  t^  Xm(h  ^S^mfi$i  bj»)^g'  oaaidjG^  a  to;  L  Hevn 
a^9i|ii  ^a4  %R£^«M4  lMi«M«ma»s^  tho;  saine.  genciai 

%*l^w4«^}^I^^^^^^'^''^^^&l^"^^^^4te  coloitted 
s^9K.^4i«  IBfN^4[)ri9e«si$]»4  Xb%n90;Qfi%dislioale^^]xiiesa£ 
U^IW^tnipi^ll  {da«^'  in  ^e  ^ua^«  ef  at  Ims^.  aad*  eofposodi 
s^if¥e^4)^](  tp  4lft  Cftlomid  r^  oblaiiKdi  bji^aipvifiin^  iv 
4w^4)f  4)%iSiltowiA9  tabfoigi^dpiby  Sbg^fi^di 
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From  the  last  mimbcr  ia  the  tabkf  indicaUiig  a  high  de- 
gree of  heat  to  be  prodaced  qoite  beyond  die  visible  rays, 
the  important  resalt  appeara  to  be  established  ;  that  there 
exist  in  the  solar  beam  invisible  rays  which  are  powerfiil  in 
producing  heat,  these  beings  accumulated  beyond  the  red 
ray  when  the  entire  beam  has  been  decomposed  by  the 
prism,  and  being,  of  course,  less  refrangible  than  the  red 
ray.  This  had  been. previously  shewn  by  the  experiments 
of  Herschel.  Exposing  a  thermometer  to  the  diflfereat 
rays  of  the  prismatic  spectrum,  each  ray  braig  aDowed  to 
pass,  successivdy  through  a  piece  of  pastrfioard  with  a  slit 
in  it,  so  as  to  exclude  the  others,  he  found  hot  only  that 
the  heat  increased  progresrively  from  the  violet  to  the  red 
ray,  but  that  when  the  aperture  in  the  pasteboard  was 
brought  to  coincide  with  the  space  beyond  the  red  ray,  the 
heat  continued:  it  was  even  greater  at  the  distance  of  hi^ 
an  inch  than  in  the  red  ray  itself,  and  is  here  at  its  maxi- 
mum y  fit  the  distance  of  an  inch,  the  rise  of  the  thermo- 
meter amounted  to  5^^,  being  7  in  the  red  ray,  and  the 
heating  power  was  sensible  at  the  distance  even  of  an  indi 
and  a  half.    Beyond  the  violet  ray  there  is  no  sensible  heat 

Admitting  the  accuracy  of  these  experiments,  it  is  esta- 
blished, that  in  the  solar  rays,  there  are  invisible  calorific 
rays,  as  well  as  visible  rays  of  light. '  Now  this  bang  pro^ 
ved,  the  hypothesis  may  be  proposed,'  that  the  apparent 
heating  power  of  the  visible  rays  of  light  is  not  a  property 
belonging  to  them,  but  depends  on  the  presence  of  calorific 
rays  associated  with  them.  The  entire  beam  of  visible  ligb; 
is  not  homogeneous,  but  consists  of  r^ys,  which,  being  of 
unequal  refrangibility,  are  capable  of  being  separated, 
forming,  when  thus  refracted,  the  visible  or  coloured  plec- 
trum.   The  calorific  matter  in  the  solar  beam,  it  is  equally 
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{irolmUey  ma^  not  be  homogencfous,  but  inay  comist  of  rays 
joXdifSmmt  refir^n^bility.  If  so,  these  ra^s  will  ahio  be  se- 
parated by  the  prism,  and  an  inTisiUe  calorific  spectrum 
be  formed,  the  rays  compbriog  which  may  difier  in  heat- 
ing, as  the  cays  of  light  differ  in  illuminating  power*  If 
this  hiq^n,  Ae  one  spectruni  Will  be^ih  some  ineasure 
blended  with  the  other,  and  thiis  the  visible  ray§^  of  It^ 
wUl  9Jgp^x  to  have  diflfei'^  degrees'  of  heating  power9 
Adi^h  in  themselves  tJiey  may  have  no  power  whatever  to 
produce  heat; 

,    Persohel  ei»ieavoured  to  estaUirii  this  conclusion,  by 
esperknenls  retting  on  the  fidlowing  assumption :  Taking 
the  lOttmiBating  power  as  the  property  characteristic  of  vi- 
.aft>^  hght,  if  the  heating  power  of  any  ray  be  a  property 
bdoni^g'to  it,  and  not  depending  on  any  calorific  ray  as- 
sociated watb*  it,  it  seems  obvious,  that  when  the  coloured 
my  k  transmitted  through  a  certain  medium,  as,  forex* 
mpfdef  through  glass,  its  illuminating  and  heating  powers 
mnst  be  diminished  exactly  in  the  same  proportion.    It  is 
not  to  be  expected,  that  it  will  pass  through  without  a  cer- 
tain degree  g£  Jbtemiptiim ;  but  it  may  be  presumed,  and 
appears  indeed  to 'be  a  necessary  inference,  that  if  both 
properties  dependon  the  same  matter,  they  must  be  dimi- 
nished to.  the  same,  extent,  whiles  if  the  illuminating  power 
depends  on,  one Jdnd  of  ray,  the  heating  power  on  ano« 
tberi  it  is  .possible,  d  priori^  and  indeed  to  be  expected, 
that  these  w31  b^  .mieq|ually  intercqfited,  and  of  course  the 
powers.  wiU  be  unequally  impaired. 
J   To  asoNTtain  the  fact  with  re^rd  to  this,  a  v^  exten- 
sive sei^ies  of  experiments  was  executed  by  Her^hei,  and 
thegeneiMi'^f^I^  estaUished,  that  the  two  powers,  that  of 
iUuminaticm,  and  that  of  heat>  are  very  unequadly  impair- 
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ed  b]p  traiisoussio&  of  ligbty  either  eative*  oc  in  dMt  atalie 
Qf  tbQ  difffvent  CQloured  ra;9  tbroogl^  trM^mfffnUMcfia. 
It  appeared  tber^oce  ta bUpWf  that  the  tw^prcp^rtimdo 
i^ot  depexid  on  the  >9am»  ttgoA ;  the  iUttouwituiii  ittpends 
yn  rays  of  lights  the  heat  <Hi  caloitfic  r^ya  i  wd  in  may  ao- 
Ipured  ray  the  two  propertiea  appear  logcifaer  w^sniy  \mh 
caote  from  the  correcpoodencf^  to  theordct  of  gffeahg3ti> 
li^y»  cettaip  of  the  calorifiQ  rgj^  iwe  aosociited  widi.  fsfirbki 
of  the  viaibia  nqrsr  of  %ht.  Hcaadbet  haft:paiiileA 
some  other  results  in  comparing  their  pr<qpttttie%. 
strengthen  tti^  cofich»uon ;  the  hiienniptioB^  ft?  WHdipIe, 
i^f  the  1  aja  of  \ml  beeomealeas^  as  ka  twaaawinimrii  coi» 
ti99j^  ^  ^Ue  th*^  jdiaes;  «at  huppen  with  mgmd  tof  ij^t 
aiid  the'  effect  of  Kwgh  sw&ses  in  iwatlcwng  tl«s  njii'cC 
I^ght  beickg  9Uieb  gr^eir  thaa  it:  i9  ««  the  xnjmcS  hm^ 

The  ^xper^Bneyta  ei^  the  c^nfie  cajis  ofth^sidtt  iwpc 
hn^ye  be^.  laAdjf  repealed  by  Beraed^.  widb  au.Bpp«raU» 
wbichy  giv^  a  colpuned-  apeels^iD  pei&i^y  stefatt^  adtnaik 
ted  of  their  poiif^s<bej»gdiBtamiDed'wiikgnMpnciiB^ 
The  resi^]^  .^ii6c«(  thttm  of  Hemnhelf.  thatthe^beatSfig 
power  iiM8cea«iea  pregiremf ety  bnmikm  Yiolefc'  to  the;  lod^ 
but  djif<ir  ip  tUm.  A^t-  the  msskiBiti  is  iM^h»y«iid«^ia 
tdbqced  sp(9ptriMi,,  bet  esfRftly  afi  die;  bMBtdaajii  af  i^ 
where  th&  b«db  ctf-  t^e.  theiniometer  iai  oBtimly  oowaad 
with  the  ned  i^ay.  The<  efibot  became  kss^ awL  kaa  aa^lho 
tfaerm^iPiBter  v^  loovfed  ont  :o£  the  wsihltti  spectRiiiit  audi 
wJb^re  HerscbeL'had  fia^lhe^niaxiiiiiiMi  .Bcrard finxidt il 
to  be  only  one-fifth  of  wJbali  it  was*  ha  dis^nd  ragr*  The 
absok^te  iol^sUy  of  hieat  prodm^d  wa»  alaot  Itaa-dmn  in 
the  e^€irijneitf&  of  HersdbeL  Parf  oftbese^iiffmantees',  aw 
Berthpllet  suggests*  may  ams^  frona  dif«rsity  io^  the  inafw^ 
riak  of;  th^pinaiii^  os  (dbec  dbncnmstancesi  of  tfaa^  dsperi-^ 
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«mit<)higDbe)aiioiifi^ltgFSv^^  iK^iUUe  i6l\he 

ibiMiftiKi^i^ioaili^  ftOi  be  :sbiled Jt  ^piiik  dim^dasi  a  gpti^  medi 
Hiiift]gxtfe'gite€raiffM|tTmltittifexlia^  prbi. 

ldlieid>))}PlC^  itttiboriaxiiinff "ADn  thbr^paoafioiioaf  the  ett»> 

i$P^(9fif piSAliiiAs^  %  irfindseV/of  MbcMiOWoare  idbo^^^ 
t6»  iti^dlMafibttiecdiiiiiqstftfe  it  ]E^ilMjisa|^fdp<^]injris  cqMq^ 

tmflai^btfM^  iairieloy%iibHkr;?jpaqpdsqfep^ib^ 

0li:]^g«tfiii3  j&liiitnxi)M«)iil&cett^uiid9b€piae^^ 

Jic  8alu>  undergo  a  similar  decomposition  :  in  some  of  limai 
ihto  ta  pttltiit^  iif  4ttbto$»«s!to$Ui>  teitiscpf:gcid  4rf  ^hc^,  it 
is'Xfl^fd^l^t^  MUxttbe^  toiUft  nofeUttioifotnii 

S(sin«  cffitfaMe!>«ini|{ii}^  tatsend^seilstbl^itot  tkc 

ck^iftkafeiigtecip  ^}if^tx  mmtUte  o£tii]Ger^|br>eiBample;  is 
dtti'l^lici&iB' iti»cpleiic  bj-^be.nieiMK  l^fcitf  alaj^,  ^itilhout 
Mr§&(^  4^poexx!g0^  4b:4iie:'i^aj^iQ^ot)ie>suiKi//  IPlieidtenges^^ 
ki^tMBtl;  fidt^mtM  fimn  tevpcfasre^  in  gesfarsd  mixik  (wkk  tfaki 
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-  ^^e  fnidb^fitt  ttf'  blescUi^gj  /.too^-^e^endg  1  chiefly  ^n  Iht 
tlmmit^fmm^  iight^i  .tbef  coborioj^:  mbtter  :of  the^  v«gei 
llfi^-ttttfeiappaveii^  nieeWing.oKygeii  frock  iliq  deeeiii^ 


2 10  OF  LIGHT. 


The  ctmBgek  wbkh  gnmifig  vegetdiles  suffer  iifideF  e&t 
to  tlie  sdor  l^^t)  diiqilaj  its  {Mnperia.HiQd^rnig 
even  by  it&dbe&iicali^gency^the  procettesdf.imimaled  na* 
tare.  If  light  is  excluded,  (n:  veiy  partia%  sl^lied^  {dants 
are  in  geoeal&Me^  :of  a  ipale  coloinr^  and  do  not  idStrd 
thdr  firoperpiiodiiets  fii%  formed :  if  it  is  freeljr  admittedf 
tbqr  soon  acquire  A^eea  colmir  and  their  nattinil.Tiggiir: 
those  which  gcov  under  a  dear  sky  and  aa  mtense  sobr 
light*  are^even  iag^iei^  more  aromatic*  andaffiuxl  more 
rich  .asd  elabgratad.  juices  thaa  those  .which  grow  under 
the  opposite  xircttmstttDces.  .  With  these  results  we  can 
cdnnect  die  usual,  robemiosi  dbange  from  the  action  of 
%bli  oxygesk  being. e:sfaaled  from  plants  whife under  Wr 
posflreto  the  rays^of  thesun..  Eran cm ammab light p^- 
haps  exerts.itstdiemkal  power:  .those  who  /we  uatiyes  of 
the  arctic,  reg^om,'  hek^  like,  vegetables  ^echided  from 
lil^t,^  usualfyofApaleorwhtte  Gokxu**  whil^  those  who 
inhidbit  tropical  coamtiies  are  marked  by  deep^oi^  briUiai^ 
hues*  .-.■.'• 

1  It  m%fat  bejuf^posed  that  these  chimiical  elBfects  depHid 
not  on  any  peculiar  aodon  of  %ht*bi|t  arisefrqm  its  power 
<^  exciting  heat  ^  sooie  of  them  being  pfodoeed  by  an  de- 
viation of  temperature. .  An  experiment  of  Sched^'s  ap^ 
pears  to  ^et.^ aside: tiik  m^^^on ;  nitric  acid*.'Which  be- 
tomes  odoured  when-  esqiosed-  to  the  .sun^  rays*  not  sufl^ 
mg  thischai^  vdben  exposed  to  th^nin  a  phial  painted 
t^ck,  though  its  temperature  must  have  been. more  eie* 
vated  than  if  it  had  been  exposed  in  a  dear  pbial.  Ber- 
tbpUet  also  fcmnd*  that  oxymuriaticr acid,  ejEposed  to  solai 
I^t  in  a  pbiajl:  covered  ^thblaek*  paper,  did  not  suffier 
tbe  u»ttal  change,  .though  it^aanistbave  been  at  lea^  ei^pjal* 
ly  heated.     But  these  experiments  are  not  perfect^  con- 
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dosd'^ }  &r  we  ^aHiM:  ^mtme  correcllj  theluittt  produced 
by  the  soW  rays  firdia  tlw  elev^imi  of  tbii!|)efttttti^  in  the 
entire  masii  of  matter  escjk)^  to  them,  ad'  ^hk  maybe  mo* 
derate^  ^Hblle  it  may  be  intense  in  the  minute  pdintaioA 
^idh  ttie^  Myi' impinge  $•  and  at  these  potels  itmay^  -fibm^ 
its  iift^ftsityv  give  jrjse  to  the  dec^positioBS  Whteh  aver 
pTodffbed.  'llie'  l^pothe^is,  howevery  that  Ught  acts  in 
prodmsil)gll^«d>deicompoMtto>Dsbyihe  heat  it  excites,  iir 
refuted  by  the  fact  to  be  immediately  stated,  that  those 
n^  m6st  powerfiiUin  exciting  heat,  are'  leastr  powerfinl  in 
giinog  rise  to  ch^BiGal  changes; 

Lights  it  ^  has  beim  diacoveredv  is  equalty  poweaf&l  in 
promothig,  with  r^rd  to  some  bodies^  chemicidcombt-* 
nation.  Gay-Lussac  and  Tboicadi  and  Mr  Dakon,  ob- 
served about  the  saroe|yeriod^  that  a  nuaiture  of  oxymnviaticc 
ga^  with  hydrogen  gsIS' suffers  no chas^ foraeonfider* 
able  tittle  When  Ught  i&  esdaded ;  theyaot  on  each  other- 
when  it'  is  admitted  i  aoidmider  ei^K»ure  to  thedii^  so- 
hur  rays,  the  action  issori^id  as  to  be  acoompanied  wkk- 
explosion.  The  efi^  inthis  dftse'Js  p2obal%  onring  to  the 
usual  decomposing  agency  of  li^t  fiMrouiiog  the'decom^ 
position  of  the  oxymnriatie  addt  andthe  Ixanrfari  of  it& 
oxygen  to  :tbe  hj^drbgOUk 

Theioomparative  powers  ^.  the  d^Saremt  cokmredrays 
in  pzbdiicing  chemical  deooiBpostti<»i,  wcsre 'stibn^ted  to 
6xpeirtmi«tit>by  Scheele.;  muriate  ^of/Bilfer»  the  substance- 
which  is  soiVifndly  iJeeied  by  light,  bm^g  e3B|MMed  to* 
their  aeti«(B|  it  becamfe  aooaier  Uack,  he  observed,  in  the: 
i^ideticny'than  in^any  of  the  others.  Senndiner  aseertaht-^ 
ed  the  differences  more  minnldf  *  The  shade  produced  in 
the  muraate  of  ulver  by  exposure  .to  the  vialet  ray  for  1 5 
aeccmib,  required  for  ifs  productbmi  exposure  to  the  indi« 
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goH^SS  seobnds;  to  the  bfaie  .29}  the  gr?ai.57|  the  yel- 
Ipfk  H  miiHites)  ib^  onmge  19  rndpute^i  and  the  rei  not 
les»  than  20  flames.  Tlie  Uoe  ray  too  is  finporior  to  the 
others  in  excilieg  pbo^faorese^ce.  Acoprdiiig  tp  See- 
beck,  the  mixtnite  of  oigrmoriatip .  gpift  and  hydit^^  j» 
▼ery  dowly  actM  on  when  esLpoaed  to  9olar  iigbtji  m,^,ye»^ 
ad  of  fed  coioTOid  gbtfiy  while  it  is  act^  on  ▼ojr  nQ>id^ 
trfien  exposed  lo  the  iaodbn  of  light  tmhsroittcd  thxyti^ 
a  blue  glass. 

.  TbediscMeiy^of  iheeListeiiceofiii^isflblecalQiFifien^ 
in  the  solar  beam  might  suggest  the  eoadosion^  dMt^fh^e 
may  ako  exist  ior.  it  mv^stUe  dbeniical  raysj*  toiwhibh  the 
ehemical  pomeits  of  thcf  nsiUe  rays  is  to  be  MP^flied* 
Rittersnbmitfiefl  this  cbigeetiire  to  expmntient.  Pbt€99i0 
muriate  t  f  slher.  without  Ae  cbfonred  q^ectruqa'  b^ond 
the  violet  ray^  it  was  blackened ;  while,  on  plai^g.il  be- 
yond the  red  ray.at  Ae  other  extremity*  it  not  <m]|y  4id 
not  tfo^r  this  change,  but  if  previously  Uackened  became 
vfh'U  Phosphorus  wses  kindled  in  the  tp9fie\ieyood  tbe^ 
reft  ray,  but  was-  extingnidied  when  tnmsfetted  to  that 
beyond- the  violet.  In  die  violet  ray  itsdf  the  muriate  ojt 
silver  received  a  less  deep  shade  than  in  the  space  beyond- 
it.  Dr  -WoUaston  had  nearly  about  the  siime  time  made 
similar  experiments,  and  wStkthe  same  residts,  ebcspt  that 
when  the  nmriateof  silvier  had  beeh  blackened^  however 
di^tty^  it  did  ^ot  recover  its=  whiteness  from  exposure  to 
the  red  rays.  Berlird  has  re|)€hted  &ese  es^ierimeiiSts,  and 
found,  that  tfa^;  ebemiosl  or  decomposing  power  of  light 
increases  towards:  the  videt  extremity,  of  the  spectrum, 
and  extends  to  a  small  distabce  beyond  it. 

Fromtheneexparimeiits,  theexist^nce in  the solia'  beam 
of  invisible  rays  not  calorific,  but  distmgui^ed  hf  tfa»r 
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.  chemical  iactibn,  4uid  more  infrangible  th]in  the^ible-rfiys 
of  ligbti  appet^s  to  be  «stabli^edr  Ree^opteg  by  anohigjr 
from  the  law  urbich  exists  w^regard  tidldte  caloiific  rayd, 
'it  might  be  conchided,  that  the  matter  composing  wfal^{, 
&r  cUstinctiohy  may-be  -imtned  the,Chet»ical  R^ays,  is- not 
fabmog^eousy  hit  i^hsists  of  rays  of  diflforent  r^mdgiblil* 
ties  I  tliat  &pm  thisdifieiience  they>are  spread  to  a  ceftajh 
extent  over  the  spaced  occupied  by  the  ptisinatiit  spectrab^ 
and  tha^  as  the  calorific  effect  of  the  visible  fays  does  not 
belongs  to  iJienI,  bat  tO'  rays  of  caloric  iniermixed  with 
them,  so  (3^  chemickl  poWers  of  these  tays  tnajr  tiot  arise, 
strii^ly  speaking,  frbn^  the  action  of  light,  but  ftbm  die 
-action  of nchemical  rayfe  blended  with  th^^otfiers..  It  hta 
accoitfiagl^jbeen  affinnitd,  fliat  Ritter,  by  transrhittif^  tlfe 
coloured  rayithr6tigh4ifibrentp;*i^s,  has^^ral^  tfiei^ 
Irom  the  T^hemical  itiy^'  and  (Ahis  produted  a  cblooyed 
spectrtuif  without  any  vHism^al  power.  ^    '  ->  •  ^ 

According:  to  this  view,  irhree  :d«tinct  qf>ecie,s  of  rays 
ekistift  tKe  sbla^r  beam;  tihe'titiUe  rays  of  Ught/  distitii* 
goisl^eji  by  their 'illnmihatin^  pt)^'er ;  thetevisible  calorific 
rays,  4n4  the  ihtllibte'  dikxiical  rrays  :'  and  i^hen  passed 
tbrongh  t^ie'prfsnl,  three  ^edtnims  are  fckned,  bknd^ 
together*  ''^Itds  :dertliin]y  possible;  hoWeteir,  that  the  three 
propQPtiqs  i^lmnicteri^ng  thes^  inay  depend  on  the  ^eme 
agent  4'  ^ky  ^s  s«'ggi^sted  by  Berth^et,  iight  may  consist 
of  d  cdl^ctioiat  of  ray^  unequially  refrangible;  that  those  b^ 
a  medium  refrangibility  may  bb'b^t  ad^ted  to  excite  ^^ 
sensation  of  vision ;  that  others,  more  or  less  refrangible, 
iQay  be  less  fit  to  produce  this  effect,  and  towards  the  ex* 
tremes  may  be  incapable  of  producing  it,  while,  from  the 
same  cause  as  that  producing  their  difiJ^rence  of  refrangi- 
bility, they  may  be  better  adapted  on  the  one  band  to  act 
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r,  or  on  the  oth^  to  excite  heat.  This  more 
aimpie  view  is  perhaps  confirmed  by  all  these,  rajs  ohser- 
Tingi  in  their  mo^on  and  other  aflfeetionsy  nearly  the  same 
hiws. 

From  the  relation  whidi  subsists  between  light  and  calo- 
ric»  it  has  sometimes  been  sappoeed  that  they  are  ultimate- 
ly the  same,  or  are  modifications  of  one  matter,  li^t  being 
this  matt^  in  a  state  of  rapid  projectile  motion;  and  acting 
as  caloric  when  it  becomes  quiescent.  Though  it  may  be 
difficult  to  explain  fiiDy  the  nature  of  that  relation,  thoie 
are  important  objections  to  this  hypothesis.  Tb€  es^ntial 
properties  of  light,  and  particnhirly-  its  ch^tiical  agencies, 
are  tery  di£fer^t  from  those  of  ca]oric,*«^iyferences  which 
the  hypothesis  doe^  not  expbcin ;  more  especially  taking  in- 
to consideratimi  the  important  fiu^,  that  these  chemical 
agendes  are  exerted  most  powerfiilfy  by  those  rays  of  %ht 
which  are  least  powerfiil  in  producing  heat.  '  Neither  is 
there  any  proof  of  the  assumption,  that  caloric,  in  any  state 
pf  motion,  can  assume  the  properties  of  light  Yet  in  the 
prq>erties  of  radiant  caloric  there  h  no  doubt  an  approxi- 
mation to  those  of  light;  and  the  fact,  that  the  rays  project 
ed  fi'om  a  body  highly  heated,  enetrate  transparent  me- 
dia with  more  facility  than  those  emitted  at  a  lower  tempe- 
rature,* shews  in  some  measure  a  gradation  of  properties 
from  the  radiant  caloric  of  heated  bodies  to  the  calorific 
rays  of  the  solar  beam,  and  these  again  form  a  transition 
into  the  vi3ible  rays  of  lights 
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CHAP.  in. 


OF  ELECTEICITY  AND  GAWAVHSU, 


1  H£  i^;^t  on  wkieh  the  fdieaomeiuiofelcotridtjr  depend 
operates  as  a  cbaaoACal  power.     There  is  every  reascm  too 
tc^  coiielude»  that  the  gabanic  principle  is.  merdy  eleecrici*^ 
fj  under  a^pecnliarfacm^aadin. this. form  its  chemical  ac- 
tion is  slill  more  poirerful^  and  indeed  neatly  unlimit^. 
Und^  either  form  it  is  to  be  regarded  as  a  repnlsiTetagent»' 
orilbrce.oountenicting'diemicalattractio^  snckbe^' 

hmg^  to.  the  same  class  as  light  andcaioric»  with  whidi  it  is 
&rther  intimately  connected  in  its  power  o(  raising  tempe* 
r^Eitnre  and  of  exciting  illaminatian.      . 

Though  electdcity  and  galvaniim  are  mocUfications  of 
the  same  power,  yet^  as  ^heir  mode  of  exdtadon  is  difi^ 
rent,  and  the  chemical,  effects  obtained  ivom  eadi  are  per 
cialial:>  they  require  to  be  considered  apart   ^ 


Sect.  f.-^Qf  Electricity. 

.  Certain  bodies  submitted  to  friction  exhibit  the  phepo-^ 
ii^eijia  denominated  Electrical.  A  dry  glass,  rod,  for  exain? 
pie,  when  rubbed  with  a  piece  of  dry  silk,  will  give  sparks, 
of  light,  from  its  surface,  and  will  first  attract  light  bodies 
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and  then  repel  them.  These  efiects,  however,  are  not  ob» 
tained  rom  the  friction'  of  every  body ;  thus,  a  oietallic 
rod  doeti  not  exhibit  them.  Hence  th^  distinction  of  bo* 
dies  into  dectriCi  or  those  capable  of  being  excited  by  fric- 
tion, and  non-electriCf  or- those  ^H^'l  ^^  incapable  of  this 
electrical  excitation. 

If,  when  an  electric  has  been  excited,  a  non-de(^ric  be 
applied  to  it,  the  signs  of  electricity  in  the  former  instant- 
ly cease,  while  this  does  not  hajppen  from  tlie  application 
of  ao^  eleetric  of  a  different  kiqd.  Him  eiectriqai  slale 
may  jaina  hefionvqred  by  this,mterpobitifln  <if:tkeii9Sheb^ 
txh.  tatiOQitbec  bodyj  Hehcp  the  Qr^;in  of  ad^tjies^datiAe- 
JUQuiiksft  of  CoodiictQffs,*  and  NqiHcondniDtors  joC  Elcetrtr 
cilyji  ihe  foriner  afbrcfing  a  pasMge  to.^e  eleetHiealcpiia- 
qipie>.and  ciuryingHit  off  where  it  has  been^exckedjlhe'lttt* 
toribting  imi^ervious  to  it;  .'  Electrics aiiejficxDitaoBdaetots; 
n0nfdmtkic9  are  coododtors;  g^,  resinoi^  sflbsUni^^ 
oUsy  and  sulfduit,  are  life- principal  substa&ceslMJtniging  to 
the  first  class ;  metals,  water,  liqoid  acids,  saltne^sohitioiiSy 
and  a  number  of  earthy  bodies  bekng  td  the  Otberr 

If  an  eleotn^^'when  submitted  to  excitatjon^  be  supported 
on  ftHQUHOonductor,'  the  dectiicity  it  gives  out  is  iimijted^ 
But  if  a  communication  be  estabiifiied  with  the  earth  by 
the  medium  of  a  conductor,  this  conveys  and  supplies  elec* 
tricity  as  long  as  the  exciting  cause  is  applied.  And  if  a 
conductor  insulated,  that  isTplaced  on  a  non-conductor,  be 
brought  nearly  in  contact  with  the  excited  electric,  it  re- 
ceives the  electricity  which  is  evolved,  and  retains  it  in  an 
accumulated  state.  On  these  principles  the  electrical  ap- 
paratus  is  constructed  ;  it  consists  of  a  glass  plate  m*  cylin- 
der  which  is  m^d^f  to  revolve  against  a  cushion  supported  on 
a  glass  pillar,  but  connected  with  the  e£trth  by  a  metaliic 
chains  the  electricity  of  the  glass  is  excited  by  its  friction 


.OClBXiECXEieiTOr. 


9in 


Vnm^  CtindndtqjUi  beiilgiplaoe4^  iiublbitsfi  bB£D#e,dief4ati 

•  ]^€ctrloi»xcitfhkmimic]iffieren|  U(»die9j^ 
c»rQmii9tanc»«i  e^hBiks  cji&rent^l&nonifiibhii  «ih«nciEra-clib» 
tioctian:ir^»faUshed  ofitwiDo  deetric  states;;   Us  gbte  ivad 
be.robbMlrttiifif.'WQcdlfncUtlivm  ft  li(^ 

bodj^f.ai.iiftlntiof  p6iiki  tb^^rkis  firtt  at|raqted^  atidll»eii 
pupiMed  {^but  if  a-iiod  ;of  sulpfai^  j^tv^  excited  't)7  feidtidii 
svjthlbef  cbtbyftbeiCQfk  mitbe  stete^ihorfaicli  it  fir  veiled 
fajt  the  f^sQ^  if  attiracted'bjr  the  «il]{jbiiri  abd-  it  it^fepelle^ 
byijb^^^lphur  Whmin  'that  state :in  wliicb.it  is  ^ttsttctcd 
^  j^9  glass.  If  a  p«ilited .ccuM&cter^.aa  -^  need^»^  tfae^nrot* 
eefft,^  tp;tbe  glass,  a  (round  lttoid;point  appears  fii  its  «•» 
^r^HMljr  ia  the  daxfc ;  bolr  Jf  prjesealed  to  tl^  auIpfaiiT}!  a 
pmf^.ifS  mj^s  seems  to  i^ue  from  the  Jieex^Ie.  '  Both  aare 
^fif^Sit^  tbeitefQi^i  but  stil^  Ihe  phenomena  thi^  display  af€ 
d^ipiiler*:  And  if.twabcNiiea  iatbese  diflbrent  electrical 
stfile^'bcilHrQUgbt  iolo  cooilt^t)  tbey.  a^racteach  other. i  the 
^}ft$iric^t3r,bi>tJb(e  one  appears  to  destroy  thai:  in  the  lotkuaf^ 
and:  <^^  jelactrioal  ■  pbeiiaiiieiia  cease.  Haeie  tmMn  -electricit 
¥ea'b0Hig:6rst.  .obtoin^9  the  one  from  glasSfiiie.atbai^ifroiq 
Q$#inioii9iyidi^y<by  friction,  were  named  the  Vitreous  Bad 
tb^  Itefind^si  ai^iv^re  regiardedias;essentially  dUferent;. 

.Jf^  w.ft9dlsCQy^i«(|»  bowser,  that  ^^^letttwo/eleGtrios' are 
rubbled *9S^^  ®^  others  the:  one.acqoinefr  the  one  £lec- 
twlty^  ibe  Qtber  the  pther^  Thns,  in  the  coHimo^l  ele^tri* 
eaLioacbinei  neben  the  cushion  is^insalateds  oh  frioti9n  be* 
ing  jAadi?  it  eiiii|)ita  the  resinous,  while  tbc^asagiyesthe 
vittTfiQUs  .^eptridty^  Andf  by  employiiigfdifieiwflnt  substaii^ 
ces  to  excite  friction,  or  by  altering  the  sdrfaceythe  same 
dectric  may  be  made  to  exhibit,  either  electricity,  glasa 
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the  resinous,  and  snlpfattr  or  8ealiiig>>wax  the  vitreoas. 
Franklin,  from  these  facta,  was  led  to  explain  the  pheno- 
mena on  a  more  simple  hypothesis,— rthat  there  exists  onfy 
one  agent  by  which  they  are  produced,  a  fluid  highly 
dastic,  or  repulsive  of  its  own  partides,  bat  attracting 
and  attracted  by  the  parti^des  of  other  matter ;— that  in  all 
bodies  a  portion  of  this  priadple  is  *  present  j  and  when  pre- 
seatf  in  t))e  proportion  natural  to  each,  they  esLhibtt  no 
electrical  phenomena;  but  if  sutgected  to  certain  (^)eraticai8| 
as  friction,  the  equilibrium  is  disturbed^  imd  the  body  ac- 
quires jnore,  or  has  less,  than  its  natural  proporti^.  In 
the  former  case  it  is  said  to  be  electrified  plus^  and  pre^- 
sents  the  phenomena  ascribed  to  what  was  called  vitreous 
electricity :  in  the  latter  it  is  said  to  be  electrified  mmos, 
which  ccuresponds  w^  the  state  of  resinous  d^ctrici^i 
and  hence,  instead  of  these  t^rms,  the  phrases  Positive  and 
Negative  electricity  are  employed  in  the  Franklinian 
theory.  This  hypothesis  accorded  with  the  general  phe- 
nomena of  electricity,  and  explained  very  well  the  exdta- 
tion  of  the  different  states  in  the  common  machine,  where 
the  silk  cushion  becomes  negative,  while  the  glass  becomes 
positive,  the  bnnev  being  conceived  to  yield  a  portion  of 
its  electricity  to  the  latter.  It  has  never  however  been 
established  by  any  rigorous  evidence,  and  all  the  pheno- 
mena may  even  be  explained  oi\  the  opposite  system.  The 
prindpai  advantage  of  f^ranklin's  system  is  its  siqxerior 
simplicity.  On  the  other  hand,  the  phenomena  of  galva* 
nistx^  prove  that  the  two  electridties,  whatever  may  be  their 
nature,  exert  difierent  chemical  agencies ;  and  it  is  there- 
fore morir  necessary,  in  their  chemical  history,  to  distin- 
guish  between  them. 
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Hie  dectric  states  are  excited  by  other  causes  than  frio 
tktti* '  The  contact  of  some  bodies,  even  when  made  with 
every  precautacui  to  avoid  frictiony  aStera  the  dectric  eqtii-* 
IS>riuni,  caiisiiig  one  to  become  positive  and  die  other  ne* 
^tiv6;  or  at  least  Ifae  bodies  after  their  sepairadon  are  found 
to  be  iii  these  states,  and  such  a  rebtipn  eoui^  between  the 
assumption  of  thes^  states 'and  the  chemical  eonstittttion  or 
natune  of  bodif»,  thai  some  are  disposed  to  become  positive, 
others  negative.  Qiange^f  temperature,  too,  frequently 
excites  the  di&retit  electrical  states  :  fusion,. cohgelation, 
vaporizatioii,.fmd  the  condensation  of  vapour  have  a  simj*^ 
kr  ^ect,  and  it  seems  often. to  lurise  from  chemical  action* 
Hiere  is  another  singular  mode  in  which  they  are  a^umed. 
If  a  conductor  in  its  natural  stote  be  placed  within  the  in- 
flnence  of  iooe  that  is  excited,  but  not  in  contact  with  it, 
placing,  for  example,  a  rod  of  metal  insulated,  at  a  little 
dJbtance  from  ah  excited  electric,  the  extremity  of  the  rod 
directly  opposed  to  the  electric  passes  into  the  opposite 
slate  of  electricity,  wjiile  the.other  extremity  passes,  on  the 
oth^  hand,  into  the  state  Ac  reverse  of  this.  This  is  nam- 
ed Electricity  by  induction  or  position. 

The  ele(itric  states  of  bodies  are  connected  with  attrac- 
tive; atid  ref^ive  agencies,  and  the  following  general  \^Mh 
are  establisbed.in  reference  to  these  states,  with  regard  to 
these.  TirsU  Bodies  in  th^  same  state  of  electricity,  whe- 
liher  positive  or  negative,  repel  each  other.  The  body  A 
being  positive,  will  repel  the  body  B  alsp  positive;  or  if 
]both  are  ni^ative^  they  will  equally  rqjel.  Seecndly^  Bo- 
dies in -different  states  of  elediricity  attract  each  oth^r ;  the 
body  A  being  positive,  aJod  B^  being  negative,  they  will  dis* 
pl^  a  mutual  attraction,  which  Will  ouise  their  aj^roxiraa- 
tion  and  contact.     ThirMy^  A  hbdy^  in  the  natural  state  is 
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attracted  by  a  body  iaither  po^tively  or  negatlTidly  electrical, 
Ldsth^iwo,hodie^m  differ&ki  electric  fitaces,  when  brought 
into  contact^  neutralize  each  other ;  the  electric  slate  in 
each  of  them  ioaases,  and  their  mutual  attraction  therefore 
oeaies  to.  operate.  -  These  attractions  and  repolsioQs  <^)e- 
rate  at  .very  sensible^  and  even  if  the  elective  excitation  be 
bi^>  at  winery  considerable  dikaaees*  .Th^  ave  ooticcamed 
itt;  the  production  joEck^ieid  phenoaietiai  pHnt^saUy  to* 
i^itbat  jnodification  w)iich  constitutes  galvai^isiii. 

JSIeictricity  is  coiineeted*bodi  with  light  and  caldrie.  .  In 
its  |ias9age  through  certaiii  media,  it  is'  often  bighfy  luQii- 
noii^y  and  it  i^capabie  qf  :ex)diting  intense  heat* 

Under  the  fotm  of  .wbatis. named  the  Electrical  Spark, 
it  produces  an  elevation  of  temperlitnre'sufiitfitot  tO'kin^e 
ioflammable  bodies..  And  .when  dischargediiti  a^  state  of 
higher  intensity  from  a  coated  jar,  pr^  from  an  enta«  bat* 

i  tery,  a  much  more  intense^  heat  is  excited,  so  as  to  mek  the 
most  refra<tory  .substances.  Its  power  of .  tncre^ing  tem- 
perature appears  in  part  to  depend  (ui  the  iresisianne  op- 
posed to  its  conveyance  throu^  bodies.  Henice^  if  ii  is  not 
rapidly  accumulated,  no  sensible  heat  is  produced  $  as,  lor 
e^^n^plq,  Tvben  the  bulb  of  a  thermometer  is  placed  in  an 
juQ^^^I^ed  nxetallic  plkte,  and  electricity  is  communicated. 
But^  if  the  bulb  be  placed  in  a  less  perfect  conducting  me- 
diuiQ,  the  temperature  is  rais^.  Orj  if  a  discharge  of 
given  iht^sity  from  an  electrica)  battery  be  transfiiitted 
thropgh.a  metaDic  wire  of  consideral;ile  thickness,  it  ii^ill  not 

.  prqd^u<;e  iQiidi  heat^.wbileyaf  tmnsmitted  thif'o^gh  a  wire  of 

t}^  ^afXke,  jpfttal  lof  lefiB  d^ineter,.  aU  >inttoae  -'heat  is  excket): 

Tb0>ffttsibi^tie8  of  dtfierefaiibbdietr,  vef  th^^i^rent  ine- 

m 

ti^.for  exapfipl^,  estimated iirom  theacdohof-electridtyon 
the^,:.^aKe:diSerent  irorh  tfaelrrfitoibtlities,  eslbrmated  from 
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the  direct  ^tomimmieation  of  eddric,  no  doubt  fioih  tbe 
heat  excited  by  eledsricity  being  dependent  not  iixearAy.xm 
the  (ftrantky  comniunicated^  bat  on  tl^s>  modified  by  iheir 
relative  condacting:  powers^  Wd  pei^hapi '  dn .  their  dastici^ 
ties,  ifi  cd^teNx|ubn)de^^c£  wfaidivdbra^  kA  lefs 

eftsiiy  estiKUisb^jMbottg  tfa^iriparticles. 

i^ctlJc^y/ from 'its:  power.ofekciiio^hcfat^  is  applied 
to  fkVonrehetdi^ial' combination  r'iti^affords  'theimosticta^ 
vehient  mode  of'  proiAdtiog  by  heat'  the  combination  of 
ellastic  fluids/.  The.^^^afratus  em{iIoj^ed  is  a  strong  ^lass 
tahe,V\Ayi:  Si^^^^closed  ai  one  kid^  the  sided  ^^ivrhicht 
at  aboot  tbiftdinanee^  of :  two  incfa^ :  frotn  this '  extrei6ity^ 
M*e'  p&tS&fkise&  with,  sn^ail  boles,  m  which  are  feced  fo^  oi^ 
m^t  iwd'ittetallijc;  Wirete,  tb^rextxemities  of  whieh  wityn 
the  tdbe  £(tis^did|al)Ft  one«^fottrth  o£  an  inch.  This  instm^ 
xA^ti^Mk^S^  fiHe^i^ith  wMer  or ^ qaJdoBilverV  and  IniDertedy 
i&y^  ^se^  ihMided-to  be  combinM,  mixed  in  the  due  prof 
pd^iibiii  i^  ititfbda^ed,  so  as  to  defiress  the  fluid  an  inclf 
e#  nibfe  b^&tH  the  wires.  The  electric  spark  is. made  to 
pi(S!3  li-oinMli^  diie  wjire  to  tfa^  o&er,'  by  connecting  one  6f 
tliiein  with  the  •e^^diidtor  of  the  odnlmon  ele^ricalv  maidhine 
ii^  aK^ibia^/ and  hanging  a  chain  CMpr  the  ikher;  In  the  iriix^ 
Wte  of  ^dtii^'gille^  k  iSin^le  s^rk  is  sufficient  t!o  cause  th^ 
e^hiiAh^tio^  to^  ph^oeeed  through  the  whokT  niixture.  lit 
odier  cas^,  a  dtire^tik  of  iSparks  t^qiiix^es  to  be  transmitted 
^^¥6duee  the'^dl4bi£[^ti6n  id  atiy  perceptible  Extent. 

-By  ifti^  sa^e  egefiey,  eleCtHcity  is  able  to.  effect  cbemiM 
eii  deck^inpb^tk)^.  If  tb6^  sparW  is  taken  in  a  coknpott&d 
l^^'ii 'Separates  its  cdnstitueiit  parts  $  if  aa  inteirrupt'ed 
ekiektru^ld  Ai^tH^t^  ^  8^  thrdug)i  water,  it  is  attended 
^th  ^^A^ga^xami  ^  2L  smaI^  quantity  c^eUtHc  ftviid. 
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^hieh  k  a  mistore  of  the  two  gases  wUdi  Jbrm  watef. 
Some  solids  are  decos^iosed  in  a  similar  manner. 

Electricity  is  farther  connected  with  light.  In  passing 
£rom  one  condoctor  to  another^  it  exhibits  a  Jiuninous 
^ark ;  when  discharged  through  a  rarifi^d  elaslic  xnedinrai 
it  presents  a  more  diffiiae  and  Luinbent  fight;  a  transparent 
liquid  through  which  it  is  transmitted^  if.  the  qpoantity  be 
not  large  proportioned  to  the  discharge,  is  rendered  lumi- 
nous^ or  over  the  surface  of  a  solid,  receiving  a  poweHU 
discharge,  a  brilliant  illumination  is  produced.  '  This  dec* 
tdcal  U^t  ccmsists  of  the  different  refrangible  rn^s.  Priests 
ly  observed  these  by  a  prism ;  and  Morgan  iremarked,  that 
they  may  be  made  to  appear  according  to.  &e  medium  ia 
which  the  electric  spark  is  taken,  the  Ught  being  of  di&« 
rent  colours  according  as  a  partiailar  ray  predominates^ 

The  .chemical  ageoicies  of  dectricity  ai^  as  yet  but  im« 
perfectly  developed,  and  there  are  a  humbev  p£  facts  which 
prove  it  to  be  absorbed  or  evolved  in  chemical,  changea 
where  its  influence  has  scarcely  been  traced*:  llie. electrical 
phenomena  exhibited  by  the  tourmalin  shesir  th^t  it  if  ex«- 
dted,  and  its  diffiirent  states  produced,  iti:S<Hne  eases  mere^ 
ly  by  variations,  of  temperature*  •  The^es|)eriments  <^ 
Wilckeand  JBpinus  prove  that  inifuvo^  .%od  cppgel&ticMi 
the  difierent  electricities  are  excited,  and  the  states  of  plut^ 
and  ^inus  produced  in  the  body  which  has  suffered  the 
change  of  form,  and  the  matter  with  which  it  has  been  in 
contact  daring  the  change :  this  ha^)eDs  too^  ip  the  forma- 
ttoo  and. condensation  of  vapour,  and  Voka  traced  it]a< 
different  cases  of  chemical  action.  The  observation  of  su^h 
fiu^ts  becomes  more  important  since  the  conpectionof  dec*, 
tricity  with  galvanic  phen<Hnena  has  been  establishedj  aiKl 
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that  conneeticHsi  itself  more  ekorly  dettcmstilraies  tbe  iai- 
{KHtwceHDif  dectrieity.as  a  cbeouieal  power* 


m 
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Gaxvami8]^»  there  is  every  reason  to  believe^  is  the  same 
princip^  as  electricity.  Its  efifects/ Jbpweyer>  its  n^^deof 
prodiuBdoiit  apd  the  laws  which  it  observes  In  its^  actiooy 
aresp&r  peculiar,  that  it  is  proper  to  consider  it  tinder 
a  8<9j»rate  se^^iQn*  Our  knojufledge  tof  \  this  agent  is .  or 
fbcent  date*  Gf4?iW»  ap  I^^ian  ^physiolc^^puity  obs^tved 
the  first  slri3ungph^i^iP^iM>n^wj^  the  discovery 

of  the  .prjndpJIiS  whi^h  hai<  frpm  ihiiQ  dmved  its  name. 
He  obsei^ed  Jl  odlyan  its  power  ^  affecting  the  animal 
^st^m>  wd  it  is  tpYolta  that  we  are  principally  indebted 
^.1^  theory  of  its^pfroduction,  and  the^  develppmait  of 
ll^,  chemical  powers,  dt  had  bf9^. discovered  fay  Oalvanij 
timtccM^acti^^, lire  excited  in^  the.  jmtaji^le  ports  of  ani-* 

'} 

m^  wheiit  .A  cpmmpnication  i%  e^l^li;4ifed  by  a  metallic 
arc  between  (l^'^^^rve  and  .the  noruscuhir  .fibre  \  and  he 
concluded^  t^i^Tt)}!^  is.owmg  to  the  communication  o£ 
electricity  g^ii^rated^  by,  the  aj^al  system. .  <  Volta  sup- 
pj^i^i^.thi4»?tJbee^f^icilyprodi}fiii^the  c^^  and 

producing  likewise  sensatiopsin  sentient  qrgans,  is  d^ived 
mit  from  the  Uviing  system^  but  from  the  action  exerted 
betw^een^  die  metal  and  the  humid  animal  fibre>-^a  conclu- 
stdn  wliich  he  soon  demonstrated^  by  the  discovx^ry  that  it 
is  evqlv^  by  arrangements  wholly  unconnected  with  any 
of  yitality*    This  discovery  also  gave  a  method  of 
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sagmenting  the  gidvanui  mik:fgf^^>&iiMtA  «i>Uv  inve^i^ate 
its  effects  with  more  pneduBOon^  and  led  to  tbi  dbcayeiy  i^ 
its  chemical  agency. 

The  simplest  voltaic  arrangement  is  that  of  two  diffe- 
rent  metals  in  contact  with  each  other,  with  the  interposi* 
tion  of  a  humid  substahce :  electricity  is  evolved  by  this 
so  as  to  affect  sensibly  sentient  Wgiihs^Wrth  a  repetition  of 
the  series  the  efiect  is  increased,  and  the  usual  arrange- 
ment ddh§Jst»  of  af'^i^  of  inetailie  fjl^estait-afi^  iA  a 
^a^t^^ihate  ei^d^,  t^h^h^  Jnt^o^tl6tiW^i^^  hmOi 
condtt^tio^s  %f  di^^tricJtyi  '  The  pile,  thfe  fcttn^irtfi*  Vi»4 
ta^^iileipafty  ^mfbipd^  isi  coltstfticted-hy^  t^r&isi^tstltig 
ieithia^pfati^  df  kili^^  b)tt6pp^t\ii»^ or  f^iil^^ttlld^^^i 
im  -t^ lis  pldic^^  ^  filkf e  ^bft^sf^ttier  iis^^'  ^  ^zMt^  adil  din 
t}li&  a  pl^ce  itf  eird^fidi^ffed  #^b'tt*8i^'yeilUtt(^  t^^tii# 
serj^  (^  cdpibie^f,  2^  liti#  ififdisfeMd'C^d'-^ifted'^^^^ 

^ii^i^h^,4»^m^j  {it^i^vfhg'dtk^  (y^iSifiris^d^) 

iM  Wfa^/^lbr  50:  {^€^^  t)f  e^th  hfit^eM^ete'ke^indlfited; 
ierMmtifk^  •w9tl^<^l^t<^  ef  z!h<^  alt&e^tbp^  as  iri^tifd^f^ 
I^igi'^:>^;  bl;-  >B6{^»eh^ek^  t]^ir-^fyIiddilMi»^kalii 
quan%'^r«Iel^itotyi»^tt^rat^d^  ifi^^' Wholes ^i¥'clr^^ 
m^nt,  #ei  h^^^  dc6udiiliafed  aciibti  $ ^^nA  (hd^di[Sct^''tfg 
prbpoiiidn^'tb  (hiy-  ^t^T^^^k&dthitie^Af^  9m^^eM 
diff^l^t  er^t¥ititi>sl^^s,  thflit  commieh^g^iiti  tWiibppeie 
b^if%  ri^/tive;^  tHAttefch  «e  ziiic  ptk^  f  lifeace#4  Wr€» 
feoih  ^tXi  b6  bt^ai/gkM^^1a(i,'el^6ttii^fi^th^kian  ife  eSW 
hibit^V  if  the.wii^s  ai^^  ^ied  td  Hi{i!^'iiia^ta';^i^ca4 
tten^  ftttd  <ibntra<*tions  af-e^^Scited  j  ^nd  tbe^  ifii)'8Ivi  ffie 
electric  spark,  and  afffeet  the  efectrbfe^ek'  'Iif  AdMAfl^^ 
of  the  series  thfe  electric  equfflbf;iuiti  eififtt, 'ari6  Ii^fa6e  a 
wire  from'  the  ihiddle  plate' exMWtsiib^%cliriM''^^ 
Anoth^r^art-angSricnt  ilitiifarnr  principle  fe^ 
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si^i^lied  F^.'  20/,  coiMsting  oS  n.'^ttk^  of  eiif^'iii  each  bf 
^Uich  ^e  pfaic^d  a  ^letit  of  zflai^,  ^d  sq^  oF  ^6r  or 
ciq^r;  stirf^tittdied  witli^  a^  sdlntioi^*  of  ^t:  i  the  plat^  of  sil- 
v^  ih  t)t6  6x^  cop  beiAg  cbsrrie^ti^  tirttU  tli^  af  ^d  ii^  tbi@ 
ot^ery  lUMfth^  i^me  orde^  }x!bt^  ^eseti&i  id  M  tike  <xik- 
jstruction  of  the  pile. 

An  ap^atit^,  tlie  ^the  i^^i^Ihtipt^  j  add  ^^ 
ft&m  iWlixiietMMtEij  wa^  rAv'eiited^by  Mr  Cndcki^hanlt, 
tin^  Gy>^ib  Ti^ough  as  it  iVnan^,  liHitidh/bfeing  {Assessed 
of  ere^  aidv^age;  isr  hi^v^  almtj^s  used.  It^ooMsts^  Tig.  ^^. 
Hate  HI.  d^a  hbDoir  bo*  6r  ifrbagh',  6f  hat^d  wood;  to  the 
«id^  of  whieV  dri^  out  groo^^,^  at  flle-  distance  froih  eadi 
othei^  of  frdm  t  to  id"  an  incUi  atdoiKiifa^  toifie  wftfth  df  the 
Bo^.  Ptaies  of  two  metals,  gehei^aHjr  of  iop^tt  and  zmc^, 
febm  3  irfifr  or  8  niches  square,  ire^Hered  tigether,  aihd' 
this  soldered  oir  double  plate  is  ihserted^in  the  first  gi'ooVe 
of  the  box,  and  fixed  in  it  by  a  ceiherit  of  resSn'  and  wax!, 
so  widB  d{ipl]^  thtft  no  liquid  can  pass  thiroiligh:  TUis  is 
repeated,  fixing  a\d6uMe  plate  in'  each  groove,  and  takitf g 
care  that  tSie  order  in  whicA  thej|^  aire  iii^ehed  shuH  liot  be 
reversed,  but  t|i6t  die  copped  dde'  Stk6&  alWaS^  be  toni^ardr 
,  o^  haSsA^  the  zmc  io'  the  dth'^r;  Th^  cell's  or  cavities  be- 
tween the  groovbs  are  de^i^ni^  to  coritlEin^  die  fiuid  by 
wMch  the  g^lVafrii^  is  exbitl^d,  or  serve  the'  s^khe'  [Purpose 
^  the  moiktehed^  <^ds  in  the  pile  of  VbTta; 

Tliis  ibnh  has^  been  improved  by  keefiing  tlie  {ilate^  de^' 
tached^  itisiisad  of  soMering  th¥  two  together :  the  connec* 
tibn  between  theth  is  eiiifkblished  at  the  up^  ddge  by  a 
iti^&Uic  arc ;  the  celli  of  iXie  ti^gK  are  fotn^^  by  parti- 
ttohs  of  ^s^;  or  the  emii^e  though  n^th  4ts  pstrtidonr  ii 
made  of  earthen  w«re.    The  plates  of  copper  and  zinc  are 
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introdaoed,  so  that  the  one  shall  be  on  one  side  of  the  paf' 
titiojif  the  other  on  the  other,  the  connecting  arc  passing 
over  it,  and  a  plate  of  each  metal  being  thos  placed  in 
€»ch  cell  This  arrangemioit  has  the  adranta^  that  both 
snr&ces  of  each  plate  being  acted  on,  a  greater  power  ia 
obtained,  and  the  state  of  the  plates  is  more  distinct)^  per- 
ceived.    It  is  represented  Pig.  25. 

The  metals  nsed  are  gi^erally  zinc  and  ooppar,  and 
thesC)  on  the  whole^  ttiswer  best.  The  nomber  of  plates 
and  their  surface  is  regulated  by  the  purpose  to  which  the 
trough  is  to  be  applied.  Diflferent  liquids  are  employed  to. 
fill  the  cavities  of  the  trough,  and  di£^  much  in  power.r 
With  water  the  effect  is  inccHuiderable  ^  with  a  soli^on  of 
muriate  of  soda,  or  muriate  c^  ammonia,  it  is  greater ;  it 
is  still  more  so,  though  it  ceases  sooner,  with  muriatic  or 
nitric  add,  largely  diluted,  and,  for  different  puiiM>ses,  li-» 
quids  of  peculiar,  composition  and  strength  are  best  adapt- 
ed, as  is  immediately  to  be  stated. 

Though  arrangements,  such  a&  have  now  been  describe 
ed,  are  most  powerful,  there  are  others  productive  of  gal- 
vanism to  a  certain  extent.  The  action  between  a  single, 
metal  and  a  liquid  gives  signs  of  it,  extremely  feeU^  and 
displayed  theiefoire  only  in  the  most  delicate  test  of  this^ 
power, — the  contractions  it  produces  in  living  irritable 
parts,  but  no  accumulating  series  of  this  kupid  can  be  formed. 
If,  however,  the  metal  be  acted  on  at  its  opposite  sides  by, 
two  different  fluids,  a  galvanic  arrangement  is  formed,  the 
power  of  which  increases  by  repetition.  Even  chaxcoal^ 
in  contact  with  one  of  its  surfaces  with  one  liquid,  and  at_ 
another  with  a  different  liquid,  forms  a  weak  galvanic 
power ;  and  o|i^  still  weaker,  is  formed  from  the  contact 
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of  di&rent  kinds  of  animatl  matten   Metal^c  ipatter,  there- 
fdire,  knot  essential  t6  it$  production. 

.  Galvanic  electricity  passes  through  those  su]i)stances  which^ 
conduct  ^ectriciCj  in  its  common  form,  though  with  less, 
iaciUty.  Metals  conduct  it  rapidly »  but  there  are  other 
substances  which  admit  of  the  pai^ge  of  ektctricHy^wluch 
pa^aUy  insulate  galvanism ;.  such  is  water,  or  dry  animaJt 
mesuhraneft  But  thes^,  differences  arise  merely  from  the 
lower  state  df  intensity  of  voltaic  electricity,  and  therefore 
do  not  Appear  when  that  intensity  is  sufficiently  raised. 
Glass  is  a  perfect.  non*c0nductor.  <.  ~ 

-  Its  efl^ts  on.  living  aniinal  matter  are  similar  to  those 
oil  el^tricity.  '  It  excites  contractions  in  irritable  parts, 
and  sensations  in  sentient  organs,  more  or  less  consider- 
able, according  to  its  intensity.    >C       . 

In.  its  transition  from,  one  conductor  to  another,  espe- 
cially when  the  conductor  is  £in  imperfect  one,  it  produces 
intense  light,  as,  for  example,  in  bringing  into  contact  the 
wires  from  each  extremity  of  the  battery,  dr  pieces  of 
charcoal' or  plumbago  in  communication  with  each  wire* 
This  light  appears  to  be  the  result  of  the  accumulation  of 
the  gakahism  or  of  the  restoration  of  the  electric  equili- 
brium, by  the  contact  of  the  two  conductors  in  the  two 
different  states.  It  does  not  arise  from  any  combustion^ 
for  little  of  the  charccxal  is  consumed,  and  it  can  be  made 
to  appear  under  water  and  other  liquids.  From  a  battery 
of  a  great  number  of  plates  in  high  action,  the  spark  can 
even  be  taken  at  a  distance. 

"Galvanism  is  the  source  of  in^tense  heat.  If  a  very  fine 
metallic  wire  be  stretched  between  metallic  rods,  connect- 
ed with  each  extremity  of  the  galvanic  battery^  its  tempe- 
rature is  raised}  and  if  the  distance  be  not  too  grent,  to 
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soch  ui  esMit «  lo  melt  ev«a  tlw  most  refractory  of  tbr 
metak.  Fine  metallid  leavei,  sa^wnded  from  the  one  rod, 
are  made  to  burn  when  toacbed  with  *  metallic  plate  in 
coradranicatieit  *iih  the  othef.  From  thia  arraageraest, 
eren  goM  and  nlrer  enter  into  vmd  oomboctioii ;  and  bjr 
powerfal  batteries  the  greatest  d^^reei  of  beat>  capable  «f 
beingprodBcedbjartiflcU  arrangement,  are  obtained;  tte 
most  inlbsiUe  Bubetancea,  the  limple  earths,  for  flrampV^ 
bnng  perfectly  baed. 

No  wtisractoiy  explanation  can  be  given  (^  the  beat  tbn 
evolved-  It  is  evidently  connected  with  the  nentn^izatiaa 
of  the  two  opposite  electricities  by  the  contact  of  the  poo- 
tiTe  and  n^ative  wires,  and  the  coosequ^it  restoration  tt 
the  dectric  eqinUbrinm.  Bat  bow  this  should  give  rise  to 
it  is  not  aj^arent.  From  being  so  inteose,  and  capaUeof 
being  indefinitely  kept  up  while  thedectric  action  [noceeds, 
it  evidently  CHUiot  be  explained  on  the  usual  principle  of 
a  cbange  of  capaci^  far  caloric ;  and  as  it  thus  rntjHinhf 
another  bohtcc  of  beat,  the  conjecture  has  been  advanced 
and  nrast  be  admitted  to  be  a  possible  one,  that  tbe-erofai- 
tioB  of  heat  in  ch«nic^  combinations  may  not  always  aris^ 
eqwdoUy  where  it  u  sudden  and  intense,  fiwm  changes  of 
c^iacity,  but  sonieliines  from  electrical  changes  connected 
with  chemical  action.  Such  changes  being  momcntaiy, 
nay  not  admit  of  beingtraccd ;  but  there  are  somegroands 
QO  which  it  may  be  iofcrred  that  they  occur,  and  they  m^ 
^vc  rise  to  mdi  an  e^ct. 

The  most  important  chemical  property  of  this  power  ia 
that  of  producing  decorapoettioD.  Very  aoon  afio'  the  ii^ 
ventiMi  of  the  voHalo  ^le,  it  was  <4)served  by  Hesan 
Nicb^BOB  and  Carlisle^  that  when  wites,  coimected  with 
die  two  cxtKunilies  of  it,  are  placed  in  a  pgcticm  of  water. 
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4  ^^Tfam  of  gas  fucifeii  frpip  eack  wire*  ap  ^ppearanc^  vbidi 
the;  found  owing  to  the  decomposition  of  the  water.  /Fh^ 
8ul^^t^w9&  impiediately  prosecpted,  and  a  number  of  phQ- 
mical  CQiqpoupds  we^e  fovind  to  be  decoinposed  in  a  simi* 
lar  ipanoer?  An4  suph  is  the  ei^rgy  of  this  force,  that 
eyeijL  substaaces  inpi^t  difQcuIt  of  decpmpositiobi  or  those 
least;  &youralpk  to  itsjtctipPt  such  ^  cpn^pounds,  solid 
4kfid  ipsolublei.  are  decomposed  when  a  powerful  battery 

.  Ttied'^omppsitions.p^  by  galvanism  consist  in 

the-i^parationcxf  tJie  ^len^^s  of  a  compoufidfroni  their 
statQ  of  c(jmbi|^tion^  ,b^  die  ^^  uniting  them  beings 

s^^l^l^ed  by  tlieffiaLlyanic  J^orqe :  and  the^  deeomposition^ 
are  attended  with  j^  singular  cijrcumstancey  that,  the  eler 
i^G^te  of  the  decomppsef}  compo^nd  are  not  evolved  toge- 
ther,, but  the  pne  agpe^s  at  tb?  wire  connected  with  tl^e 

^  one  extremity  of  t)|fi  gijilyaniQ  battery,  and  the  pther  at  the 
lylre  connected  with  th^  other  extremity.  To  aqcount  fpr 
tbis^  different  hypotheses  were  proposedt  not  very  satisfaci- 
tory ..4^ length. Messrs  HisLngm*  and  6erzeliu%  from  exp 
jp^iif^ents  on  t|)e  def^omppsitions  of  a  number  of  neutral 
jsalts  in  .splution  placed  in  the  galvanic  circuit,,  drew  the 
general  conclusjoqs^  (hat  "  when  electricity  passes  through 
a  Ji<lRid^  the  priQctples^  of  thi^t  liquid  Si^rate^  so  that 
.some  are  collected  around  the  positive  pole,  the  others 
around  the  negative  pole  f  and  ^*  ihatthejprinciples  which ' 
collect  around  each  pole^  haye  a  certain  analogy  ^  eombus« 

^  tible  bodies,  alkalies  ai^d  e^arths  pasi  tp  the  negative  side ; 
oxygen,  acids,  and  oxidated  bodies  p^ss  tp  the  positive/' 
They  farther  shewed^  that-  these  forces  operate  at  consider- 
able distapces,  and  that  in  consequence  pf  this  the  transfer 
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of  ponderable  matter  is  ^ected  to  distant  points.  Grot- 
thins  had  announced  the  same  general  principle.  And  Mr 
Davy  afterwards  confirmed  it  by  a  number  of  experiments, 
ingeniously  varied,  so  as  to  shew  the  transfer  of  thcf  elements 
of  the  compound  and  olher  &cts  connected  with  it. 

Tlj^asy  employing  two  vessels  of  glass,  or,  as  less  fiaUeto 
be  acted  on,  of  agate,  or  of  gold,  connected  by  a  few  fibres 
of  the  mineral  substance  named  asbestos,  moistened  with 
water,  and  placing  in  them  the  solution  of  a  compound  of 
a  salt,  for  example,  composed  of  an  add  and  an  aHudi;  on 
placing  in  the  one  a  wire  firom  the  positive  side,  md  a 
wire  from  the  negative  side  in  the  other,  in  a  short  time, 
when  a  sufficient  power  was  empbyed,  the  prindples  of 
the  salt  were  separated,  the  acid  collected  in  the  one  ves- 
sel, and  thealkiji  in  the  other.  If  the  solution  of  a  salt  be 
placed  in  one  vessel,  and  distilled  water  in  the  other,  dther 
the  acid,  or  the  base  of  the  salt,  ihay  be  transferred 
through  the  communicating  substance  to  the  distffled  wa- 
ter, according  as  the  solution  is  connected  with  the  posi- 
tive or  the  negative  side  of  the  voltaic  battery :  if  with  the 
positive  side,  the  acid  remains,  and  the  base  is  conveyed 
to  the  water  $  if  with  the  negative  side,  the  reverse  is  the 
result ;  and  in  this  way,  even  metals  can  be  transferred,  as 
silver  from  nitrate  of  silver,  or  insoluble  earths,  as  magne- 
sia, from  sulphate  of  magnesia.  When  the  vessels  them- 
selves are  composed  of  substances  susceptible  of  decoropo- 
tion,  the  same  separation  of  elements  is  effected,  though, 
from  the  state  of  cohesion,  more  slowly.  Even  glass  is 
liable  to  this  decomposition.  And  such  is  the  force  of  this 
agent,  that  the  most  minute  portion  of  a  substance  attractr 
ed  by  either  of  the  wires  is  collected  around  it, — a  circupfi-i 
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Stance  wKidi  has  frequently  been  the  source  of  deception 
In  galvanic  experiments^  with  regard  to  the  apparent  for- 
mation 6fne\fr  products,  •   .         ' 

Sb  completely  is  the  matter  conveyed  by  the  galvanic  in- 
fluence* protectcid  by  it,  that  it  may  be  transmitted  through 
a  substatice  to  which  it  has  a  chemical  affinity,  without  be- 
ing retained.'  If  a  strong  force  of  cohesion,  however,  in- 
terfere, the  itilbsitance  U  intercepted:  thus,  sulphuric  acid 
Is  not  trani^miited  through  solutions  of  barytes,  or  stroi>- 
tites,  nbr  these  eaiths  throttgh  sulphuric  aeid.  The  che- 
miod  affinities  of  the  conveyed  substance  are  suspended  by 
the  galvanic  influence ;  ah  aCid,  for  example,  not  redden- 
ing «  vegetable  colour  in  its  progress,  but  only  where  it  is 
collected  arotind 'the  positive  wire;  and  an  alkali,  in  lik6 
manner,  exerting  its  chemical  action  only  at  the  negative 
side.  *  These  decompositions,  *  too,  appear  to  be  always 
complete,  or  the  law  of  chemical  affinity,  that  an  ingre^ 
dient  of  a  compound,  when  separated  from  a  ^mbina- 
tion,  bftens  retains  a  portion  of  the  ingredient  with  which 
It  had  been  combined,  is  counteracted;  the  transferred 
substance.  Mi"  Davy  found,  being  .perfectly  pure. 

By  all  tliese  researches,  then,  the  general  law  is  esta- 
blished, that  when  compounds  are  placed  in  the  galvanic 
circuit,  their  elements  are  separated  from  the  state  of  com- 
bination in  which  they  exists  and,  according  to  their 
peculiar  nature,  are  collected, — some  around  the  positive, 
others  around,  the  negative  galvanic  pole.  How  this  is 
ef&cted,  whether  by  attractions  alone  exerts  at  each  pole, 
by  repulsions,  or  by  both  the  element  attracted  to  the  one 
being  repelled  lirom  the  other,  is  not  so  apparent  Grot- 
tlhitjs,  in  explaining  the  galvanic  decomposition  of  water, 
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jbuM}  94^Cf^  ^  c^f^^ffaj^^  ^  t»^&e  wltaicpilr 
each  |)air  of  p]^t^  ^  i^p  i)€|a^y^  a^d  po^itivje  pedes,  it 
may  establish  a  similar  polarity  ^ofag  the  ^emeiatary 
pf^ch^  q(  a  pQJtipn  of  wu-ter  ipterpo^^  l^f^^een  its  prin- 
cipal pc^es  ^  on^e  ^leme^t  may  ficqwe  jtbe  pp^itiye,  H^ 
other  th^  o^tiy?  s^^  i  ^af\d  if  this  happqii  th^p«  accor^-^ 
ij9g  tp  the  laws  of  electricity,  iH^^i  which  has  become  ncg^ 
jtive  wi^  be  jrepel^ed  from  the  n^a^Te  jfjo^  fM|ra4»ted  to  the 
positive  pole^  and  t)iat  whiich  has  IbejBOipfe  j^P^tiv^  will  b^ 
repelled  firop  the  posjtive  aq<l  attr^c^  to  t|ie.  i^atiye 
side*  This  .e^lanation  jus  ea;t|:emely  probable*  Wi^  re^ 
gard  to  the  mode  of  cpifveyeipce,  it  may^  ^  QrottiMus  rer 
marked,  be  by  a  successiy^  4eGompositi<^  luod  recooipQ^* 
tiop  of  the  cpmpoim4  betw^n  the  two  ppi^^  or,  what  is 
equally  possible,  the  decpippoi^ition  m^y  l>e  cpii^odll^  tb^ 
particle  at  each  pole,  and  the  dement  r^e^iving  the  opposite 
j^ectirioity  may  be  repelled*  while  the  ot^^  is  |ittrfK:ted*  Ia 
atmospheric  air,  bodies  rendered  positively  or  negatively 
l^ll^ctrical  are  attfacte4  and  repelled  at  con^ideri^ble  di«r 
^aQce^.  From  the  low  statj^  of  intensity  in  whiph  electrici- 
ty exists  in  galvanic  arrangements,  water  is  a  medium  witH 
r^^ard  tp  it  nearly  as  atxpospheric  air  is  to  electricity 
^olyed  in  the  conwop  etectrical  apparatus.,  aod  it  may 
t);erefore  allow  electric  attractions  and  repulsions  to  ope- 
rate in  ^  simiUr  manner. 

\n  th^  prodif  ction  qf  the  different  effects  arising  from  that 
op^rfitipn  of  galyapismii  a  different  law  is  observed  with  re-i 
g^4  jtp  ea^|)>  in  relatipn  to  (he  sti'uqture  of  tl^e  galvanic 
^pr^ngement.  By  increasing  the  number  of  plates,  its 
ppwer  is  enlarged,  and,  ^y  having  tb^se  plates  of  a  largo 
size,  it  is  U^^wise  obyioys  that  the  q9:fantity  generated  mu&t 
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^ipr^etf  put  ,their/3«i4t»^^^^  «»g9l«f>  kas  been  est»* 
blisJbffU  t)^f:.ao,incre^  i^  the  nuii^ber  of  plates^  without 
_A  Pfi^prtiopal  ii^e^^  in  the^r  exteut  of  ^ur^ce^  jdpes  not 
fffQ9^y  ^v^gfopnt  4U  ^he  ^$^t8  fiK)ip  galvanism,  a  different 
law  lp«i|ig.  fp^owed  }n  the  ppufer  of  fsleiratipg  temperature^ 
pjTe^cftifig;  8699^119]^  in  ^l^ejprg^ns  of  animal%  ^nd  ^  pv^ 

,  Thif  if^^^gpavpfit  frcgjj  a  v^fj  sixnple  S^pt^  If  a  i^ir 
J^rge  |?)el#llic,p)^fe8>  pf  a  largie  syrfece,  ^  1^  or  15  $q^9T9 
j^^^  pj^  evejf  a  largpr  sdz«»  two  or  three  feet,  be  employ- 
ed as  a  galvanic  battery,  it  will  be  powe^I  in  produ'di^ 
jj^ljf  flUfJ  l?fipt,  ^fid  i^ill  t)}erefbr#  iUufninate  <:harcoal  vi- 
^^ly,  9jr  iq^se  pejli^lic  Iteave?,^  plac/ed  |n  th^  circuit,  t? 
J^;l|r|i  mtk  t^  utinoit  b^iUiiinpy.  ]|3ut  it  will  display  little 
tPVW  <^^^Vi^  aj^c^ip?  ai^d  repulsiof^,  wiU  have  com^ 
p^^lTf^  litfje  ^Eect  oq  sentient  organs,  and  will  n^ 

«  ff^fUy  gp  mpeffect  qondi|ctors  in  producing  decomposi*- 
tf^n.^  IT  the  sajfne  platen  be  put  down,  each  being  divided 
into  fopr^  and  ^  battery  be  constructed  with  these,  though 
there  isf  qU  the  whole,  the  same  quaptity  of  surface,  yet 
a^e  relaittpB  of  this  to  nipetitic^n  or  number  being  changed, 
th«i  t^Nt§  ^r^  difibrent  I  it  has  little  power  in  burning  the 
metallip  leaves ;  while  i|  exhibits  more  evidently  the  di^* 
irent  electric  states*,  it  es^ciles  more  forcibly  sensations  or 
^spqlxactions  in  ani^ii}  oi^gaosi  find  is  much  more  powerful 

.  jn  giving  me  t^  ^mical  decopiposition. 

T\kh  has  b^ep  in  particular  ;n;restigated  by  Ritter,  a^d 
h^  frqm  1^  very  ^ii^tensive  series  of  experiments,  has  en* 
deavpurfd  to  estf^ti^ish  th^  rdatipn  between  number  and 
surface  in  th^  metallic  p)ates  in  a  galvfinic  battery,  adapt* 
^  to  the  production  of  each  of  the  effects  obtained  from 
galvanism.    That  of  eliciting  sensations  and  contractions 
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in  animalsy  be  found  to  be  principally  dependent  on  mnn- 
ber;  that  of  producing  combostion  is  principaUj  depen- 
dent on  extent  of  sarface;  that  of  producing  chemical  de- 
composition is,  in  its  relation  to  surface  and  number,  in- 
termediate between  these.  But  with  r^ard  to  aB  of  diem, 
II  certain  relation  exists,  or  a  certain  proportion  between 
number  and  surface  gives  the  maximum,  and,  increasing 
either  indefinitely,  according  to  Ritter,  diminishes  the 
power.  If  the  due  proportion  be  observed,  the  galvanic 
energy  displayed  in  all  these  eSett$  may  probably  be  inde- 
finitely increased. 

The  theory  of  these  diSkreuces  probably  is,  that  a  pe- 
culiar state  of  intensity  of  galvanism  is  required  for  the 
production  of  each  of  these  .effects.  The  quantity  of  dec- 
tricity  generated  in  the  apparatus  wiH  be  proportional  to 
the  surface  acted  on,  but  its  state  of  intensity  is  produced 
by  its  accumulation,  and  will  therefore  be  r^odated  by  the 
quantity  of  imperfect  conducting,  compared  with  perfect 
conducting  matter  in  the  arrangement  The  liquid  inter- 
posed between  the  metallic  plates  is  the  least  perfect  am- 
ducting  matter:  the  repetition,  therefore,  of  the  metallic 
plates,  the  absolute  surface  remaining  the  same,  forms  an 
arrangement  in  which  the  imperfect  conducting  matter  is 
roost  abundant,  in  which  there  is  the  greatest  resistance  to 
the  evolution  of  the  electric  force,  and  in  which  therefore 
It  will  acquire  the  highest  state  of  intensity.  Now^  a  con- 
siderable intensity  is  requisite  to  enable  the  electricity  to 
penetrate  the  animal  membrane,  which  it  must  do  to  ex- 
cite sensations  or  contractions,  this  membrane  being  an 
imperfect  conductor  :  at  a  lower  intensity,  it  will  penetrate 
liquids,  and  act  in  decomposing  them,  observing  a  c^tain 
ratio  with  regard  to  this,  according  to  the  conducting 
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poW^r  of^  tlie  liijuid ;  the'  less  perfect  iht  cfiinddctifig'  pr<>- 
peity  is,  the  effect  iii'prcraucing'decbmpositibn  being  more 
5l^ndent  on  nuifi(b)h'.  And  metals  are  conductors  so  per* 
^kt,  thdt  iH '  the  ^fdwest  state  of  intensity  it  will  peneirald 
iS^ni :  i^  t^peAAcfi^  thi^r^fdre  in  the  galvanic  appiELratu$  is 
}ess  requisite;  ai^d  the  efiects  Will  bd in'  a  great-measure 
firopbrttohal  fe)  ^i  cjiiantity  g^^ifef atedV  Hence  the  ckuse 
of  the  pecuKar  4*irfitSbhs'  of  failtfibef'aiid-surfide  to  these 
diiFeretit  effects:  the  extent  of  sui&ce giving  quantitjr^  and 
the  repetition  bf  surftbe  in  th^  series 'or  mimber'intteising 
the  intensity  oP^bwei*.  •     ^        '   '•  ^  •      '-^      *    '  ^ 

'  in  iionfortoify  fo  the  ififferenfc^^  bPJibvifer  tln»  r^l^E^ 
to t)rbdtice  thts^e  <iii!l4reirt 'ttBTects,  irhafe^e^  fetr^d-diai 
difleraiit  Kquidfe  ar6  test  adapted  to  baiih.  To  e±cit6  that 
)6lftfct  by  whifch'lhtense'heat  and  light  are  excited^' nieasuf^ 
edby  th^e  laigtfr  of  ttietalHcwire'iiirW^  melted,  nitrie 
^dd,  diluted  with  frdm  30  to- 40  parts  of  water,  is  most 
poiiridrfiil;  -strjphuric'  acid  diluted  is  irtferior  in  power  ;^  it 
adds,  however,  tbifte  power  of 'nitric  acid,  andthe&ix«« 
ttrre  is  nfiore  etohbmiiral  than  the  latt^  alto  For  pro« 
ducing  diemieal  dec6mposition,  muriatic  acid  is^better  a* 
dapted,'  and  it  hais  the  farther  advantage  of  its  power  con- 
titnring  longer ;  eight' ounces  may  be  added  to  a  galloa  of 
water,  or  a  smaller  quantity  to  a  solution  df  sea-sak.  A 
solution  of  a  neutral  srtlt  is  nearly  equally  active  with  a  dl* 
luted  acid  in  producing  the  power  which  gives  the  shocks 
but  is  much  inferior  in  producing  the  other  effects. 

A  singular  arrangement  has  been  constructed  by  ^De 
Luc,  in  which  there  appears  to  be  a  separation  of  theelec-' 
trical  and  chenlical  powers;  at  least,  while  the  ibrnier  are 
considerable,  the  latter  are  not  sensibly  exertied.  It  consists 
pf  discs  of  zinc  and  fine  tin  leafy  wfth  paper  interposed  be« 
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|jf^a  ^h  piur  of  melak.  This  veiy  unuSoij  affects  the 
^l^ctrometer^*  charges  a  jar  so  as  to  give  a  dK>ck|  and  when 
Jlie  i^iiJnber  is  coiisiderable,  (dibits  a  qpark.  But  it  pro- 
^sces  no  chemical  effect  wbatey^.  Electridly,  therefore* 
feems  to  be  goierated  in  it  in  wall  <)uaiMxl^>  but  is  t^gii^t 
to  a  high  state  of  intensEtj^  < 

Jt  remains  to  con^ider^the  theoiy  of  Galvanism.  What 
is  itsjviture  ?  And  howis  it  produced  bjr galvanic  arrange- 
ipents?^ 

Tber^  can  remain  little*  if  any  doiibt>  that  Galvanism  i^ 
Electricity.  Not  only  are  they  similar  in  their  |i^eri4 
properties*  and  in  the  laws  th<^  pjb$erye,  but  thetridentity 
|ias;bieen.|nore  strictly  estabUsbed* .  If  two  metallic  plates 
\i^  addled  to  each  other*  an  arrangepi.ent  which  we  know 
to  be  productive  of  gfJvanisni*  they  are  found  to  pass  intp 
fiifff^ent  (^lectrical  sl^^tes^  the  one  becppiijig  positive*  and 
^  the  other  negative,  'pie  tvo  e^emjtiu^  of  ^  gl4yj|l^c  b^t^ 
t^ry  are  likewise,  in  these  opposite  states*  that  connected 
with  the  mo|*e  oxid^ble  m^al,  the  ^c*  in  the  common 
arr^ngeipaitbeipg  positive,^  and  that  with  the  oth^  metal 
n^jiative.  H^ce  wirep  connected  vith  these;  ^treonties 
affect  the  electrometer*  eflpeciaHy  when  a  bs^tery  of  a  large 
nninber  of  {dates  is  employed,  even  though  their  siae  b^ 
wndL  These  states  can  even  be  communicated  to  other 
bodies ;  a  weak  electrical  diarge  being  given  to  a  coated 
jar*  and  even  to  an  entire  battery*  by  communication  with 
a  galvanic  trough*  the  charge  being  communicated  with 
great  velocity*  and  very  n^urly  to  the  same  intensity  as  that 
of  the  electrical  foro^  in  the  trough  itself*  And  the  elec- 
tricity thus  communicated  gives  precisely  the  same  s^s»- 
tion  or  shock  as  el^tricily  in  its  usual  form :  all  the  other 
electrical  phenomena  too*  such  as  the  passage  fSrom  on^ 
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ecmdu^tOlr  to  another  ^  a  stosible  £stiaice,  the  Ahtkst^ 
through  an  iinpeff^et  Vaciiihri,  arid  the  altfactionir  iltid  re^ 
pttl^ohs  c^  Hgbt  1)K)d!es,  hitVe  beeh  i^tA^iied  from  the  He* 
iioii  oFa  very  ^dW^tvl  ^al^aiiic  srfangemeAt. 

The  difierencei  which  hav^  b^en  observed' betlrecii  eleo 
fricity  md  gdvMisM  tffe  principally  that  fhe  gidtnQtc  in^ 
jiiienee  does  hot  so  easily  peh^!lrat6^  imperfeet  ttihAta^TP 
as  the  cuticle,  cbareotf,  wiiteif  and  other  hqoidd,  iOtd  that 
its  chemical  action  is  more  energette,  compared  with  iti 
electrical  energy,  than  ih  eliectricity  Evolved  by  iriction. 
The  cause  of  these  diflferences  appeal's  to  be,  that  galvsn^ 
ism,  considering  it  as  electricity,  is  in  a  law  state  of  tension^ 
That:  it  should  be  in  this  stat^,  appears  to  foUowfrom  the 
nature  of  the  arrangement  l^  which  it  is  g^erated,  whidbj 
consisting  of  a  series  of  conductors,  it  is  little  accuimt}ated9 
but  is  carried  off  as  rapidly  as  it  is  produced,,  ndiile,  from 
the  natufre  of  the  electricd  Apparatus,  which  consists  of  les^ 
p^rkdt  conducting  matter^  this  does  iiot  happen ;  it  is  e^ 
tolved  less,  rapidly,  and  accumulates  to  a  higher  state  df 
ihfensity.    That  galvanism  does  exist  in  this  state  of  low 
hitensityy  appears  from  the  sp^rk  from  a  galvsmic  batteiy 
^  being  so  smaO,  and  unable  to  overcome  the  resistimee  tt 
the  air^  if  the  points  of  the  dondtictinjg  wii^es  be  at  a  vefy 
small  dhltance*    And  itis  rapid  evduticm  in  this  state  ap^ 
pears  from  this,  that  a  charge;  of  low  inteii^  can  be  com^ 
mtritlcated  from  the  pile  to  a  series  of  boatM  jars  of  extefl-^ 
snre  surface  by  a  sitigte  contaat,  while  to  give  a  skmko' 
charge  ftMi  a  tery  powerful  dectrjcid  machine  woiild  r^e^* 
qhirer  repeat^  contacts;    It  is  farthei"  found,  that  when  aiw 
f^gements  are  foimed^  which  produce  a  stream  of  electi^ 
Cffy  in  constant  evolution,  its  eflfects  are  similar  to' those  dt 
gifdViihism  $  WcdldstoQ^  by  whom  the  experiment  was  first 
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imd^  baviog  shewD^  that  from  very  fine  sihrer  wires  Cda£« 
ed  with  waj^  aad  connected  with  aoq  electrical  machine  in 
action,  eflfects  were  drained  in  decomposing  chemical  oom^ 
pounds  sintilar  to  those  which  would  have  been  oblained 
from  oonneofion  with  a  galvanic  battety  ;  and  Davy,  em- 
ploying a  similar  arrangement,  fimnd  that  the  principles  of 
die  decomposed  substance  are  conveyed  to  a  distairce,  and 
collected  around  the  positive  and  n^ative  wires,  as  tliey 
are  by  galvanism  in  its  usual  form- 
On  the  principle  that  dectricity  and  galvanism  are  the 
same,  it  remains  to  be  determined  by  what  cause  it  is  e- 
volved,  and  put  in  motion  in  the  galvanic  arrang^nents.* 
Two  explanatioqshave  been  given  of  tiussulyect,  one  pro*-' 
posed  by  Votta,  the  other  ori^nating  in  the  reseatdies  of 
Fabroni  and  of  some  British  chemists. 

Volta's  hypothesis  rests  on  the  following  &ct,  that  ^<  if 

twoilifferentmetak,  perfectly  dry,  insulated,  and  having 

only  their  natural  quantity  of  electricity,  be  brought  into 

contact,  OR  removing  them  from  that  contact,  they  arein 

different  electrical  states ;  the  one  is  positive,  the  other  ne^ 

gative«^     In  the  example  of  the  metais  generally  us^  in 

galvanic  arrangements,  the  zinc  will  be  found  in  the  &r-< 

mer  state  or  pto,  the  copper  in  the  latter  or  minus.    The 

difference  is  not  very  considerable ;  it  is  perceptible,  how* 

ever,  and,  when  accumulated  in  an  dectric  condenser  by 

rqieated.  application  of  the  plates,  becomes  duffici^oLtly 

strong  to  cause  ^the  electrometer  to  diyerge..    Electricity, 

therefore,  is  developed  by  the:  contact  9f  di3*ereat  metals, 

ijulepen^ent  of  any  Ibre^n  apfiop  on  them^  or  one  meti^ 

by  its  contact  with  anotb^,  fproes  pwrt  ofAtk,  electricity  .in-r 

to  that  other,  and  this  inequality  .of  disf^ibutio^  cpntinueg 

while  they  are  in  contact,  and  no  conductca:^  is  applied  to 


|hem.  On  tia^  ptmeiph  the  excitaticm  of  di^tr|Qit;y  hy. 
gslvmic  airrangeiDo^cpts  is  explained  in  the  following  maa'^. 
ner* 

If  a  series  of  m^lallic  plates  were  constructed^  without 

any  interanediate  siibstance^.  no  accumulation  of  power 

,   ~     would  be  obtained.     The  copper,  for  example^.qommeu- 

cing  this- series,  and  in  contact  with  a  plate  of  zinc  above, 

it,  would  yield  to  it  part  of  its  electricUyj  and  the  zinc 

would  become  positively  charged.     But  if  another  plate  of 

copper  Wj^re  placed  above  the  zinc,  this  action  would  be  in« 

I  .terrupted ;  the  zinc  liieing  in  contact  at  each  of  its  surfaces 

with  ^e  two  {da^es  c^  cc^per,  two  equal  forces  would  act 

in  opposite  directions,  amd  destroy  or  counterbalance  each. 

other.     The  difference  in  the  electrical  state,  therefore,  of 

a  series  thus  formed,  would  not  be  greater  in  the  whole^ 

than4n  a  single  pair  of  the  plates,  and  ^ould  even  amount 

to  nothing  if  the  arrangement  began  and  ended  with  the 

same  metal.  But  if  a  piece  of  mpist  eard  or  cloth  be  placedl 

between  the  plates^  that  is,  between  the  zinc  plate  and  the 

jsecond  copper  plate,  the  ei^t  of  the  latter  on  the  former 

is  interrupted :  the  liquid  in  the  card  having  comparative-* 

ly  with  the  metal  little  of  this  peculiar  electro-motive  powers 

or  property  of  bi^eaking  by  contact  the  equilibrium  of  elec* 

trieity,  does  not  check  the  action,  but  acting  as  a  eon-* 

ductor,  conveys  the  positive  electricity  from  the  zinc  to 

die  JQ^t  copper  plate  I   and  accordingly,  on  this  addition 

of  the  moistened  card,  Volta  finds,  by  experiment,  that 

r.  signs  of  electricity  are  manifested*     By  continuing  the  se^ 

ries  the  power  is  always  increasing,  the  action  is  renewed 

i  at  each  pair  of  plates,  the  electricity  coiQmunidafii^d  is  ain 

\  wayft?given  at  the  ea^nce  of  the  pieces  beneath  ^  these 

\  therefore  become  negl^yety  charged  in  a  progressive  or- 

i  -    ■  -  '  "  ■   .  ■    " 
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der  dowmrtrds ;  the  othen  beoone  porilifeijrciHiYjged  m  ft 
rimibr  order  npwanb:  thetwopktesiiillieiiiUdletf  die 
cofaunn  are  in  the  natonl  state ;  and  as  lugfaljr  n^ative  a* 
tbe  copper  commencing  the  series  is,  as  highfy  positive  is 
die  zinc  plate  whsdi  terminates  k,  die  dii^eiice  helbg 
greater  acodrding  to  the  number  of  plates.  The  diflercfit 
powers  of  die  difleienf  metals  m  aonirdn^  gahranilmi  rol-' 
ta  ascribes  to  the  dAbrent  d^ees  in  fdndi  they  possess 
diis  electr^moving  power,  or  to  die  effect  of  bre^mg  di« 
^ectric  equQibrhim,  being  greater  in  some  than  in  oth^v^ 
2inc  taking  electricity  from  every  odier,  and  goU  yiiridfag 
it  to  the  test.  Tbc^  powers  of  diffiirent  fiqnids  in  exciting 
galvanism,  he  supposes  owii^  to  dieir  greater  ceniidnfet&s^ 
power,  modified  as  they  hate  less  of  the  deetro-motiVe 
polity;  and  he  shews  by  experiment^  diat  safine  liquors, 
which  are  superior  to  water  in  exciting  galvaiiism,  are  su^ 
perior  in  conducdng  power. .  The  action  which  puts  the 
electrical  energy  in  motion,  diongh  ^eatest  b<H:ween'  the 
Petals,  is  not  peculiar  to  them  ;  it  exists,  diough  to  a  less 
degree,  in  other  substances,  and  h^ice  a  galvaaifc  series  can 
be  constructed  without  n^etaffik;  matter^  And  were  we 
possessed  of  any  solid  substance  capable  of  condnt^Sng  elecft- 
tricity  without  having  the  electro-motive  pr<^ertyy  we 
might  by  means  of  if  construct  a  gakssio  batter}^  widioni 
die  intervention  of  any  fiq^id. 

The.hypotbesis  opposed  to  this,  considers  the  e?^eitsitioi» 
of  galvanism  as  the  result,  notof  die  eleetri^ladtion  of  the 
metals  on  esich  other,  'but-  of  the  obanicfd'  aictio»  of  the  M« 
quids  employed^  in  the  constmction  of  die  giaivasiic  series 
on  the  meta]s  coo^posing  it.  It  is  coneeivted,'  diaiS  in  con- 
sequence of  this  action  the' metal  suffers  a-^haN^ge  in  its  re« 
lation  to  dectricity ;  whence  eleetri^ty  is  evolved  at  th<s 
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furface,  which  is  acted  on.  This  determines  the  motio)Di 
of  the  electrical  power  to  that  aarfaoeirom  the  rest  of^  the 
mass  of  itaetaL  Hence,  supposing  a  plate  of  zinc  to  con- 
sist of  a  number  of  layers^  the  external  layer  acte4  on  by 
the  liquid  ^iying  out  its  electricity,  an4  the  other  layers 
yielding  a  corresponding  porticui  in  thetr  tun^^  the  electri-^ 
city  in  ^e  entire  plate  is  put  in  motion,  and  the  direction 
id  from  the  opposite  side  of  the  plate  toiiifards^  that  which 
is  suDfering  the  chemical  change.  The  latter  becomes  posir 
tive,  the  former  n^ative ;  and  this  }a^t  st^te  is  of  course 
communicated  to  th^  copper  plate  which  is  in  contact  with 
that  surface  of  th^  line.  Were  the  n^xt  platajn  the  series' 
to  bezinc,  the  same  chemic^  action  wwld  be  exerted  by 
the^iquid  at  its  mrbce.  The  ^ame  evolution  of  electricity 
would  in  consequence  be  produced,  and  i;bi$  would  be  in 
a  direction  cqntrary  to  that  from  the  (Other.  But  thp 
next  metallic  surface  being  copper,  and  this  metal  not  b^- 
ing  much  aeted  on  by  the  liquid,,  this  ^  prevented  r  "the  cop- 
per receivses,  by  the  medium  of  the  iutei^sed  liquid,  the 
eleetricalst^teof  thepiecediQgpaii^  of  ■|>lates»  which  it  com- 
musieates  to  tlie  zinc  connected  with  it«  At  the  surface 
^f  this  zinc  plate  expbsed  to  the  action  of  the  liqPHl,  the 
same  auction  goes  on  as. in  t'he  former  :  a  fyesh . portjon  of 
electricity  is  evolved  in  consequenjeeiof  it, .and  this. mu«t 
be  supplied  from  the  plates  behind.;  tbi^  is  repeated  at 
«aefa  pair  of  plates  in  the  series:  the  ctipper  plaie  there- 
fore.at  the  commencement  is  becoming  more  highly  nega- 
tive, and  the  zinc  plate  which  terminates  ^t  is  proportioii- 
ally  positive.  Thus,  according  to  this  hypothesis,  the  evo- 
lution of  eli^tricity  depends  entirely  on  the  chemical  action 
of  the  liquid  on  the  metal  which  i$  most  jsusc^ptible  of  that 
action^  and  the  other  nietal  is'  usefo^.onljr  ia  tb«t  it  is  . 
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not  diemkalty  acted  on  to  any  great  extent,  and  does  not 
therefore,  by  any  contrary  evoiation  of  electricity}  connteract 
tihe  effect  produced  at  the  surface  of  the  meta]  sufleiing  the 
chemical  change. 

This  last  hypothesis  appears  to  be  in  a  great  measure 
gratuitous,  whUe  Volta's  explanation  has  the  importairt  ad<- 
vantage  of  resting  on  a  fact  which  is  2q>parently  sufficioit^ 
ly  estaUished,  that  two  metak,  by  mere  contact,  alter  the 
electric  equilibrium,  and  pass  into  ^e  different  states,  and 
this  independent  of  any  chemical  action  or  change.  The 
fiict  appears  also  to  be  proved,  that  saline  liquids  are  beU 
ter  conductors  of  electricity  than  water,  while  they  have 
little  of  this  electro-motive  power.  Hence  it  appears  to 
follow,  that  from  andi  an  arrangement  as  that  which  coiv- 
stitutes  the  voltaic  apparatus,  a  stream  of  electricity  must 
be  put  in  motion,  and  the  two  extremities  of  the  series 
must  be  in  the  opposite  electric  state. 
'  There  are  some  objections,  however,  to  this  explanation, 
and  some  &cts  in  favour  of  the  opposite  opinicm,  that  the 
evolution  of  galvanism  b  in  part  at  least  owing  to  chemical 
action.  The  power  of  the  metals  seems  to  be  in  some  mea- 
sure connected  with  their  susceptibility  of  being  diemically 
acted  ,on^;  zinc,  for  example,  which  is  the  most  oxidizaUe 
of  the  metals,  forming  the  most  powerful  arrangement ;  and 
even  in  the  subversion  of  the  dectric  equilibrium,  by  the 
mere  contact  of  the  metals,  there  appears  to  be  some  con- 
nection between  the  electro-motive  equality,  and  their  che- 
mical agencies,  that  metal  of  the  two  always  becomlqg  pa* 
sitive  which  has  the  strongest  attraction  to  oxygen.  The 
power  too  of  the  interposed  liquids,  in  exciting  galvanism, 
does  not  appear  to  be  proportional  merely  to  their  supe- 
rior conducting  power^  but  to  be  connected  with  the  che- 
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tnical  action  they  exert ;  those  being  most  powerful  in  ex-* 
citing  it  which  act  chemically  with  greatest  energy,  and 
the  excitatiba  in  a.great  measure  ceasing  when  that  action 
is  su^ended.  Yet  the  opposite  fact  i^pears  also  to  be  esta- 
blished, that  the  power  of  certain  liquids  in  exciting  galva* 
nism  is  more  than  proportional. to  their  chemical  action ; 
alkaline  solutions,  for  example^  or  solutions  of  sea-salt  or 
aal^aittmoniac,.  affording  next  to  diluted  acids,  the  Uquids 
best  adapted  to  excise  galvanic  action,  though  they  do  not 
exert  any  great  chemical  energy ;  and  in  comparing  them 
with  these  acids,  their  exciting  power  is  unquestionably 
much .  greater  than  their  chemical  action.  If  chemical 
changes,  therefore,  operate  in  the  production  of  galvanic 
fjectricityt  it  is  probably  only  as  a  subordinate  cause,  rao^ 
■difying\he  more  important  one  from  the  electro^motive 
^power  :  and  the  principal  obscurity  still  remaining  in  the 
theory,  is  with  regard  to  the  mode  in  which  these  changes 
have  this  <  modifying  effect.  Of  this  no  very  satisfactory 
axplanation  has  been  given. 
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PART  IL 


OF  THE  CHEMICAL  PROPERTIES  AND  GOMBINATiaiiS 
OF  INDIVIDUAL  SUBSTANCES* 


THE  Soence  of  Cheiaistly  di?ides  itsetf  into  two  great 
departments, — the  one  ineladiDg  its  general  prindK 
pies,  or  the  statement  of  the  phenomena  and  law»  of  diose 
tones  from  die  operation  of  which  chemical  ehflDges;arise  j 
tiie  other  cobipristng  what  relates  to  the  operation  of  these 
fiiroes  on  individual  sabstances,  embracing  th^efore  the 
history  of  the  combinations  of  matter,  and  the  chemical 
Agencies  of  all  known  bodies. 
.  I  have  given  the  outline  of  the  methods,  according  to 
which  substances  may  be  classed,  in  conformity  to  their 
chemical  relations.  The  table  of  the  arrangement  I  have 
framed  is  prefixed  to  the  first  part  of  this  volume,  and  it 
is  unnecessary  to  repeat  the  observations  with  which  it.  is 
accompanied.  The  first  place  is  given  to  Atmosphei^c 
Air  and  its  Elements,  as  there  ar6  no  substances,  the  che« 
mical  actions  of  which  are  more  important  and  extensivOf 
and  none  therefore  with  which  it  is  more  necessary  to  be 
acquainted^  in  proceeding  to  the  details  of  the  scieaoek 
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BOOK  L 

OF  ATMOSPHERIC   AIR  AND  ITS  £L£])l£Nlr& 

li£  atmospbfire  is  tbat  mass  of  dfistic  fluid  wbicb  sur-* 
roun43  tt^  globe.  This  air  was  regarded  as  an  eleipe^ 
in  tbe;j$y3teiQ  of  ^cient  philosophy;  and  one  of  the  inpi|| 
hriUi^i^t  results  of  modern  cbemistry  is  tbe  di^overy  of  it» 
eoipB^tioii)  which  we  owe  to  Scbeele.  It  consist?  of  two 
^rifox:m  bodies^  oifiygen  gas,  and  nitro^n  gas ;  with  which 
areniixed,  a  small  portion  of  another  et^tic  flaid,»  carbo^ 
nic  acid)  probaUy  originating  from  accidental  sources;  an4 
wa^ry  vapour^  derived  from  the  evaporation  of  water  at 
tbe  surface  of  the  eartb.  .The  two  latter  are.  therefore 
scarcely  regarded  as  essential"  to  its  constitution. 

The  composition  of  atmospheric  air  is  demcwstritted 
both  J3y  analysis  and  syndesis*  The  analysis  is  perfiurmed 
by  submitting  it  to  tbe  action  of  substances  which  combine 
easily  \^ith  oxygen  gas,  and  reduce  it  from  the  aerial  form^ 
such  as  phosphorus,  or  the  compound  of  sulphur  and  lime 
dissolved  in  water :  a  diminution  of  volume,  amounting  to 
about  a  fifth  part,  is  produced  from  the  abstraction  of 
oxygen ;  th^  residual  air  is  nitrogen.  Tbe  synthetic  ex- 
periment consists  in  mixing  oxygen  and  nitrogen  gases  in 
the  due  proportions ;  an  elastic  fluid  is  formed  the  same  as 
atmospheric  air.  To  be  enabled  to  explain  the  chemical 
agencies  of  the  x^ompou^d,  it  is  necessary  first  to  describe 
the  properties  of  its  constituent  elements 
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CHAP.  I. 


OF  OXYGEK  GAS. 


I  HIS  elastic  fluid  was  discovered  nearly  about  the  same 
time  by  Scheele  and  Priestley.  It  received  the  appellatiom 
of  Fire  Air,  Dephlogisticated  Air,  Pure  Air,  and  Vital  Air, 
terms  superseded  by  the  name  of  Oxygen,  derived  from 
a  chemical  property  eminently  characteristic  of  it,  that  of 
giving  sourness  or  acidity  to  the  compounds  in  which  it 
predominates.  Oxygen  denotes  its  gravitating  matter  or 
base ;  Oxygen  Gas  is  the  name  given  to  it  in  its  elastic 
form. 

This  aeriform  fluid  is  extensively  diffused.  It  not  only 
exists  as  a  constituent  part  of  the  atmosphere,  but  it  is  also 
the  principal  component  part  of  water;  it  exists  in  all 
acids,  in  the  alkalies  and  earths,  and  is  found  in  numerous 
forms  of  combination  in  mineral  substances,  and  in  the 
products  of  the  vegetable  and  animal  systems. 

It  is  from  some  of  its  compounds  that  it  is  obtained  insu« 
lated.  That  which  afibrds  it  most  readily  is  the  mineral 
substance  known  by  the  name  of  Black  Manganese.  Xhis 
consists  of  a  peculiar  metal,  manganese,  united  with  ojcy- 
gen.  If  exposed  to  a  fall  red  heat,  a  large  portion  of  the 
oxygen  is  expelled  in  the  aerial  form  ;  the  elevated  tempe- 
rature weakening  Us  affinity  to  the  metal,  and  allowing  it 
to  escape  from  the  combination,  until  the  increase  thus 
produced  in  the  relative  quantity  of  the  manganese  to  Ae 
oxygen  that  remainsj  adds  so  much  to  th^  force  of  its  at* 
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traction^,  that  the  farther,  decomposition  is  prefvented,  ,tt 
;portion  dierefore  still  remaming  combing  with  the  metal. 
The  expulsion  of  die  oxygen  from  the  black  oxide  of  man- 
ganese is  much  &cilitated  by  the  introduction  of  another 
affinity  ;  hence  if  mixed  with  its  own  wdj^t  of  sulphuric 
.add>  a  large  quantity  of  oxygen  gas  is  disengaged  fybm 
•the  mixture  by  the  moderate  heat  of  a  lamp ;  the  acid  &- 
irouaring  its  escape,  by.  the  attraction  which  jt  exerts  to  tiie 
.man^nese,  in. a  ]o^<sta^  of  oxidatjcsi.      Other  metallic 
0xid(e8>  as  the  red  oxide  of  mercury,  or  the;red^o|;iide  of 
lead,  afRod.  a  portion -pf  oxygen  by  siipilar  proce5ses$:a 
J^rge  quanlity'i  but  less  pur^,  is  <4)tained  when  nitre  is  de* 
.C0fD|>A8ed:by  heat  in  nn  earths  retort :  another  salt,  the 
oxymuriate  of  potash,  affords  it,  when  e^po^ed  to  ^  red 
.heat,  and  in  a  state  mdre  pure  than.that  in  which  it  is.ob- 
:t$^iaed  by  other  methods. 

Oxygen  gas  is  colourless,,  and  destitute  of  smell  or  taste; 
it  is  rather  h^vier  .than  atmospheric  air;  beii^  about^ 
« 1103,  the  latter  beiiig:} 000.    100  cubic  inches  weigh  34> 

-grains-     . 

It  is  absorbed  by  water,  but  in  very  sparing  quantity ; 
100  9ubic  inches  of  water,  freed  from  air  by  boiling,  ab- 
sorbin^  about  3.5  cubic  inches,  under  a  common  atmos- 

,  pheric  pressure,  imd  at  the  temparature  of  60^.  By  in- 
creasing pressure,  a  larger  quantity  is  absorbed^  propor- 
tional to  the  pressure  applied;  and,  under  a  great  prea- 

.sore,  water  may  be  made  to  take  up  about  half  its  bulk  of  ^ 
th^.gas,  acquiring,  however,  from  this- impregnation,  no 

.taste  or  smell.    * 

The  most  characteristic  property  of  oxygen  gas  is  its 
power  of  exciting,  and  supporting  combustion.  An  in- 
flammable body  kindlcd^^  on.  being  introduced  into  it^ 
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'boms  nrftb  increased   bnUiaiM^;  it  also  bttrns  Itmget^^ 
Und  is  mbre  ipiiekly  cxHuomed,  and  Bmcfa  more  beat  and 
fight  are  evolved)  tliati  whcm  it  banis  in  atmospheric  lur ; 
eMEffi'  bodied*  wbicii  -do  not  safTer  combusttonf  >vben  nosed 
td-  a  '^^  heat  in  atmos^ierio  air,  aa  iron,  bum  rapidly 
'When  tbej  are  atthi»teni|)eraturc  immersed  in  oxygen  gas. 
Stiictly  speaking,  it  is  the  (mh  gas  that  supports  oomhna* 
'tioi^,  atmospheric  air  and  others  doing  so  only  from  the 
oxygen  they  6ontsm»    Daring  the  burning)  the  osygen  k 
eototmmed ;  anj  hence  a  giif^n  <]nanaty  of  it  can  «ipport 
'the  process  only  for  a  limited  time.     The  prochict  <^  the 
combnstion  is  frequently  a  substance  having  add  prc^)!^- 
ti^  ;  and'irotn  this  oxygen  has  be^n  ^egapded  as- the  prin- 
ciple of  acidity. 

Oxygen  ga^  is  eqnally  ^o#erfa)in  su^tainiix^  animal  life 
by  respiration.  If  an  animal  be  confined  in  a  given  quan- 
tity of  it,  it  lives  a  longer  time  than  it  would  do  in  the 
Same  vohiihe  of  atmospheric  -air.  A  quantity  disappears^ 
or  is  consumed  duritig  respiratfon,  end  is  indispensable  to 
the  continuance  of  life ;  and  atmospheric  air,  or  any  gasy 
sustains  life*,  otify  from  the  oi^ygen  it  contains  and  is  dupa- 
ble of  affording  to  the  blood.  Pate  oxygen  gas,  however, 
is  not  we))  adapted  to  animal  existence.  If  an  animal  be 
confined  in  a  givtti  qcmnlity  of  it,  its  respiration  becomes 
hurried  and  laborious  before  the  whole  of  the  oxygen  is 
Consumed,  antd  it  did  even  though  oxygen  is  still  present 
in  quantity  ^ttfficient  to  support  life  for  some  time  in  an- 
other  animiail  of  the  same  species.  Hence  the  adaptation 
to  animal  life  of  an  atmosphere  such  as  ours  is,  iii  which 
OX}' gen  is  in  a  more  dilttt?e  state; 

The  peculiarity  of  oxygen  deserves  "^to  be  remarked  as 
intimately  connected  with  its  cbemicaltgencies,  that  oftiil 
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4^bodies  it  aj^ars  to  havci  in  the  highest  degree,  that  relai- 
tton  to  eledricity,  in  conseqiietlce  of  which  it  is  attractedy 
when  under  electrical  influencei  to  the  positive  electrical 

.  .pole;  it  even  impresses  this  property  on  the  compounds,  jn 
which  it  predominates,  and  they  alone  possess  it. 
Oxygen  has  a  tendency  to  combination,  more  extensive 

r  I 

perhaps  than  any  oth'er  simple  body:  all  the  products  of 
combustion  stre  compounds  of  it,  and  are  numerous  «ad 
importaiit  ag^ls  in  chemistry*'  The  acids  iure>  of  this 
kind,  aad  tiieir  activity  iapifaioi|>aJiy.dc|)eiideiit  on  the 
oxyg«i  tbfiy  cbiitaiB.  AU  the  metals  are  caflabk  <xf  caai^ 
bMng  wth  thia  piincap^.^  j^nd^tt  )eKiAs  inMsn^araniCBSf 
number  of  nctuBal  siibstanc^.  r  Its  a&iities  aiealao  mom 
munierous  and  more  energetic;  the  develsj^nKiit  of'&s 
agenciBs formed  theprindpal  part t^ what  basb^en  named 
ihi  uAodernr  theory,  of  dbfemisjbry^ .  and-  thiejr  4BliA  affind  thft 
flmtriiilportantrdationsdf^i0wsu^      '       / 


(i 
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•  i  Hi»  elastic  fluid  retnains  after  the  remoVa]  of  o:i^geB 
from  atmospheric  air,  by  die  processes  wbkfa  have  .been 
described,  it  is  most  easily  procured  by  bumiog  {dios- 
fdiorus  in  atmosf^eric  aiir^  or  exposing  this  air  to  the  fi-^ 
qoor,  formed  by  boiling'sulf^nr  and  lime  with^watar :  ia 
either  case  the  «>xygen  gas  is  abstracted,  and  themidaal 
jntrogen  gas  is  agitated  with  water  to  reader  it  pme.  It 
1m8  becD  known  by  .various  appellaticms,  as  Coitrapted  Air, 
Mephitic  Air,  Phlogisticated  Air.  It  received  the  name 
of  Azote  or  Azotic  Gras,  from  being,  in  oj^xisition  to  oxy* 
gen,  incapable  of  sustaining  animal  life  by  respiration. 
The  more  correct  denomination  of  Nitrogen  is  given  to  it, 
from  being  the  base  of  an  order  of  compounds  which  have 
been  long  known  by  the  name  of  Nitrous.  * 

Nitrogen  gas  is  invisible,  insipid,  and  inodorous.  It  is 
lighter  than  atmos^eric  air,  its  specific  gravity  being  to 
that  of  the  latter  as  .969  to  1000. 

This  gas,  possessing  no  very  striking  property,  is  prin>- 
cipally  characterized  by  certain  negative  qualities  in  its 
pure  form,  and  by  the  nature  of  the  compounds  it  fdnns. 
Thus  it  is  incapable  of  supporting  combustion.  It  is  equal- 
ly incapaUe  of  supporting  animal  life  by  respiration.  It 
is  not  inflammable;  for  although  it  combines  with* oxygen, 
a  process  generally  attended  with  the  phenomena  of  com* 
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busliovii  nitrogien  presents  the  anofDaly^of  exbibiting  non^ 
of  the  app^mnces  of  burning  during  this  combination  ^  it 
neither  sensibly  <  etolved  heat  not*  light.  Lastly,  nitrogen 
gas  is  not  ^rceptibly  absorbed  by  water ;  it  suffers  no  ap- 
paiient  diminution  of  volume  when  ei^posed  to  it.  If,  how- 
ever, the  water  has  been  previously  fireed  from  all  air  by 
boiluig,  and  the  nitrogen  gas  be  exposed  to  it  for  some 
hours.,  a  very  small  quantity,  1.47  cubic  inch,  is  absorbed 
by  100  pubic  inches  of  the  water. 

The  peculiar  characters  of  nitrogen  as  a  substance  dis- 
tinct firom  others  are  better  she#n  in  its  chemical  combi- 
iiftiions;  It  unites  with  <]»icygen  m  dlflfei^t  proportions, 
-dtid  form^  compounds  possessed  of  very  peculiar  ehemical 
properties.  It  unites  too  with  hydrogen,  forming  one  of 
the  alkalis^  Ammonia.  And  it  is  a  chief  ingredient  in  tbe 
products  of  the  animal  system,  and  appears  to  give  tfaeit 
^nost  distinguishing  chemical  characters. 

Opinions  have  often  varied  with  regard  to  the  nature  of 
tiitrogen.     Priestley  stated  many  experiments  in  which  it 
4ippeikred  to  be  procured  from  water  by  peculiar  process^^ 
^uch  as  distilHtig  the  water  from^  an  earthen  retort,  or 
passing  it  through  an  earthen  tube  at  a  red  heat:    In  the 
freezing  of  water,  a  portion  of  elastic  fluid  is  disengaged, 
which  he  found  also  to  be  nitrogen  ;  and  the  production 
of  this  appeared  to  him  to  be  unlimited  as  long  as  the 
freezing  was  repeated,  even  though  the  precaution  was 
taken  of  not  admitting  the  atmospheric  air.   '  Girtanner, 
from  an  extensive  series-  of  experiments,  affording  similar 
results  with  regard  to  the  production  of  nitrogen  in  con- 
verting water  into  vapour,  concluded,  that  nitrogen  is, 
^  like  water,  a  compound  of  oxygen  and  hydrogen,  contain- 
ing a  smaller  proportion  of  oxygen  than  water  does ;  at« 
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BOfpberic  air,  tbeicdbre,  he  sapposed  to  be  a  oompomid 
«f  ox}*gen  and  hydrogm ;  and  the  nitrogen  gas  obtained 
Horn  it  by  the  usual  methods  be  sapposed  to  be  ibra^by 
ft  porticm  of  the  oxygen  being  abstracted,  and  the  remain* 
aag  quantity  combinii^  with  the  hydrogen.  Fiiiestleyhad 
drawn  different  conclusioos.  Water  he  regarded  as  a 
sivple  body,  and  the  basis  of  all  elastic  fluidsi  appearing^ 
voder  the  form  of  nitrogen,  hydrogen  and  otb^rs»  by  mo- 
difications produced  on  it  by  the  operation  of  more  sabd^ 
principles  whidi  are  not  capaUe  of  being  ascertained  by 

These  hypethes^  haVe.  been  r^aided  as  ^raTaganty 
tind  nitrogen  gas  continued  to  be  ranked  aa  a  simple  sub* 
alauiee.  Mr  Davy  ofteirwardft  drew  some  conckiaions  of  a 
aimilar  kind,  from  some  eiip^riments  on  the  action  of  po- 
tBsituia  on  ammi»ia,  in  which  there  appeared  to  be  a  loss 
of  nitrogen,  and  an  i^yparent  productioB  of  oxygen  and 
fiydrogen,  and  from  others  in  which  th^re  pppeatctl  to  be 
a  prodttcticm  of  nitrogen.  It  has  since  app^ailed  that  these 
resnks  were  incorrect :  tke  accuracy  or  conclusiveness  of 
Priestley's  and  Girtanner's  experiments  isdoubtfiil,  and 
Ibe  simple  nature  of  nitrogen  stSl  appears  sufficiently  esta- 
blished. Berzelius  ha&  lately  inferred,  from  speculaticmjs 
connected  with  the  doctrine  of  definite  proportions,  Ihat  it 
is.a.compound  of  oxyg^  with  an  unknown  base,  and  has 
even  fixed  the  proportiims  of  these  at  44.S2  of  base^  and 
55<68  of  oxygen ;  others  have  affirmed^  as  a  consequete^ 
of  this  doctrine,  that  nitrogen  can  contain  no  oxygen,—-^ 
proof  of  the  litde  value  to  be  attached  to  such  ^ciculationa* 
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Jhcik  the  disdol^ery  of  the  o(H!ipoaition  of  atniospKem 
my  chemislr^r  is  indebted  to  Scheie.  Tbo  fbllowiug^is  i3m 
experiment  from  wbicli  he  inforred  it:  Having  pat  into  a 
bottle,  capable  of  comainitig  24  ounce  measures,  four  ogoi* 
COS  o£^  lii|«or  prepared  by  boHiiig  a  sokitioH  of  pc^a^hf  oai 
sttlphuiv  and  having  closed  the  bottle  accuratdiy^  and  in* 
vierted  it  in  water,  he  allomedit  to  remain  in  this  situattoa 
for  two  weeks.  At  the  jend  of  Ibat  time,  be  opened  itiQ 
bottle  under  water,  wlien  a  portion  of  water  im«ne(liateyr 
rustled  in,  dbewing  that  part  of  the  air  included  with  the 
Ucpior  bad  been  absorbed,  or  had  lost  its  elastic  iormi  thd 
quniitity  wliich  had  disappeared  amounted  to  six  paits 
Dearly  of^'^he  original  twenty.  Tlie  refraining  air  wsat 
changed  in  its  qualities,  was  lighter  than  atmosphei'ic.jul'^ 
iHid  incapable  of  supporting  combustion* 
'  Scheele  had  previously  discovered  the  existence  and  pio^ 
perties  of  oxygen  gas,  and  by  this  discovery  he  was  ena- 
Ided  to  explain  the- nature  of  the  changes  which  the  air  had 
undergone  in  this  €D!qperiiiient.  Since  itwas  diititnished  in 
rolutne,  it  was  obvioii^  that  .a  pcivtion  of  elastic  fluid  had 
ie»een  abstracted  from  it ;  if  this  had  been  mecely  a  portkmi 
of  the  air  itiielf^  the  remaining  air  might  faaye  l)ee&  expecU 
ed  to  liave  retained  its  properties,  but  since  it  ^wasr  also 
dbanged  in  itsfjaalitieS)  and  in  paiticular  was  no  longer 
capable  of  m^drtiiDrg  cdmbustion^^lt  waa  evident,  that  it 
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had  lost  a  principle  which  gave  it  that  property.  Schedb 
accordingly  eondaded,  that  oxygen  gas  had  been  abstradt- 
ed  from  it,  and  that  the  atmospheric  air  is  a  compound  of 
this  with  the  residual  gas,  whidi  is  nitrogen.  He  founds 
what  was  conformable  to  this,  that  oxygen  gas  is  absorbed 
by  the  solution  of  su^hur  and  potash,  by  which  the  dimi- 
nution in  the  volume  df  atmoi^heric  air  had  been  produc- 

w 

ed.  And  he  farther  confirmed. his  conclusions  syntheti- 
cally,' by  adding  oxygen  gas  to  the  residual  nitrogen:  an 
air  similar  to  atmospheric  air  was  produced.  He  found, 
too,  that  similar  changes  are  produced  in  atmo6|Aeric  air 
by  other  substances  which  are  capable  of  abstracting  its 
oxygen. 

Lavoisier  soon  after  advanced  the  same  oipinion  with  re* 
gard  to  the  composition  of  atmospheric  air,  from  experi« 
ments  in  which  its  oxygen  was  abstracted  by  burning  in- 
flammable bodies,  or  calcining  metals,  in  it.  From  some 
of  the  compounds  formed  in  these  processes,  particularly 
in  the  calcination  of  quicksilver,  he  obtained  the  oxygen 
which  had  disappeared,  and  adding  it  to  the  residuai  ni* 
trogen  gas,  reproduced  atmospheric  air.  He  thus  de- 
monstrated its  composition,  both  by  analysis  and  synthe* 
sis. 

The  process  by  which,  the  proportion  of  oxygen  in  at- 
mospbieric  air  is  determined,  has  been  named  Eudiometry^ 
from  an  opinion  which  at  one  time  wa^  ^itertained,  that 
the  salubrious  power  of  the  air,  with  regard  to  animal  life^ 
depends  on  oxygen,  and  that  therefore  by  this  process  we 
might  be  able  to  ascertain  this,"*— an  opinion  for  which 
there  is  no  foundatfon.  Diderent  eudiometrical  methods 
are  employed,  sudi  as  the  $Qtipn  of  the  liquor  prepared 
from  sulphur  and  pot^sbi  ov  sulphur  and  lime  boiled  in  w^- 
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ttty  the  slow  combustion  of  phosphorus,  the  detonation  df 
the  air  with  hydrogen  gas,  and  the  action  of  nitric  oxide 
^aSy-'-HippIicittioQs  to  be  noticed  under  the  history  of  these 
substances. 

The  proportk>n3  of  oxygen  and  nitrogen  in  the  atmos- 
fihere  have  been  variously  estimated)  from  the  diversities 
arising  from  different  eudiometrical^proo^sses.  The  prcH* 
portion  of  oxygen  has  thus  been  stated  so  high  as  0.2$  or 
0«27.  The  average  results  from  those  experiments  that 
can  be  regarded  as  most  accurate,  are  as  nearly  as  can.be 
estimated,  21  of  oxygen  gas  to  ?d  of  nitrogeb  gas  by  mea^ 
sure,  or  2S  to  77  by  we%ht. 

It  has  been  supposed,  that ,  the  composition  of  atmosi- 
pheric  dir  vdries  at  different  parts  of  the  earth's  surface, 
-imd  also  at  different  heights.  The  reverse  of  this,  however, 
has  been  established ;  and  by  more  recent  <  experiments, 
tn&de  with  every  precaution,  it  has  been  shewn,  that  air, 
in  the  upper  regions  6f  the  atmosphere,  is  the  same  in 
composition  with  air  at  the  level  of  the  sea,  and  that  there 
is  an  equal  imiformity  in  composition  in  the  air  of  distant 
countries.  It  is  also  uniform,  according  to  De  Martins  ex« 
periments,  in  every  state  of  the  atmosphere  with  regard  to 
temperature,  pressure,  humidity,  the  season  of  the  year,  or 
the  hour  of  the  di^  or  n^ht.  What  appears  more  singu- 
lar, the  same  experiments  prove,  what  Priestley  had  indeed 
before  established  j  that  the  air  of  places  the  most  oflfensive 
imd  unhealthy,  is  apparently  of  the  same  chemical  compo- 
sition as  that  of  situations  the  most  salubrious;  the  air  of 
crowded  cities,  or  of  manufactories,  being  not  less  pure 
than  thatof  the  country:  the  deleterious  agency,  therefore, 
of  such  air,  depends  not  on  any  difference  in  composition, 
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but  on  the  presence  probably  of  more  sobde  effloYiat  vk 
finrooraUe  to  health. 

V  In  the  composition  of  atnKM|dieric  air,  there  remains  a 
itriking  singular!^  to  be  pointed  out.  Its  amstitnent 
gases  are  of  diflEerent  specific  gravities^  and  therefore,  were 
th^not  retained  in  nnicm  by  a  mntoal  attraction,  it  might 
be  coochided  that  they  must  sqMtrate ;  the  heaTier,  that 
Uf  the  oxygen,  collectii^  towards  thesorfiioe  of  the  earth, 
the  lighter  receding  from  it,  and  occupyiiig  the  upper  re- 
gion,-*a  separation  which,  it  j^^pears  from  the  preceding 
&cts,  does  not  take  place.  Yet,  ahhou^  they  remain 
united,  there  are  none  of  the  usual  indications  of  chemical 
union,  no  modification  of  properties,  and  even  no  change 
€^  density.  What,  then,  is  the  nature  of  that  constitution 
by  which  th^  are  preserved  in  a  state  o(  equal  and  uni- 
form diffusion  ? 

To  solve  this  problem,  a  very  ingenious  hypothesis  has 
been  advanced  by  Mr  Dalton,  founded  on  the  assumption, 
that  the  particles  of  mixed  gases  neither  attract  nor  repel, 
but  arc  perfectly  indifferent  with  regard  to  each  other. 
Did  they  attract,  Mr  Dalton  conceives,  they  must  «ater 
into  intimate  combination,  which  would  be  marked  by  a 
change  of  properties.  Did  they  repel  each  other,  they 
must  separate,  and  be  arranged  according  to  their  specific 
gravities.  Either  supposition,  tber^re,  be  concludes,  is 
excluded  by  the  known  constitution  of  the  attnosphore  ; 
and  there  remains  only  the  hypothesis,  that  the  particles 
of  the  elastic  fluids  composing  it  neither  attract  nor  repel, 
nor  are  indeed  at  all  affected  by  their  proximity*  On  this 
hypothesis,  each  gas  diffuses  itself  from  the  rqmlsion  be- 
tween its  own  particles,  and  there  rest,  upon  the  sur&ce 
of  the  earth,  so  many  columns,  as  it  were,  of  these  gases. 
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each  supporting  itself  by  its  own  elastkity,   intimately 

blended  with  &e  others,  but  altogether  independent  of  estch 

other.     Ai^d  as  the  diffusion  is  complete,  we  discover,  in 

any  given  portion  of  the  mass,  these  gases  in  the  sftme  re** 

lative  proportion.     The  same  hypothesis  Mr  Dalton  Mjp^ 

plies  to  the  constitution  of  all  mixed  gases,  the  particles  of 

which  do  not  appear  to  be  intimately  combined.  : 

"^    Mr  Dalton's  reasoning  is  highly  ingenious,  and  appar 

^rently  strict.  .  Yet  a  different  hypothesis  may  also  be  pro^ 

posed,  res,ting  perhaps  on  a  principle  more  probable  '^J»i' 

ori,  and  equaUy  adapted  to  explain  the  constitution  of  at- 

'  "  ^^ 

mospheric  air.     The  most  correct  views  of  ch^nical  a£&- 

irity  lead  to  the  principip,  that  ail  bodies  Iiave  mutual  attrac- 
tions, and  that  these  are  prevented  from  operating,  so  as 
to  establish  intimate  combination  only  by  the  exertion  of 
external  forces.  In  the  action  of  a  liquid  on  a  solid,  co- 
hesion  operates,  counteracting  the  niutual  attraction,  and, 
if  sufficiently  powerful,  preventing  solution.  In. the  action 
of  an  aerial  sul^stance  on  a  solid,  the  cohesion  of  the  one, 
add  the  elasticity  of  the  other,  are  th&  obstacles  to  the  ef- 
fective exertion  of  the  attraction  exerted. between  them. 
And  in  the  case  of  two  aeriform  fluids,  the  same  elasticity 
.  in  each  is  the  cause  counteracting  that  affinity  which  would 
unite  their  particles.  Bu^  in^  all  these  cases,  it  is  not  to  be 
supposed  that  the  affinity  is  not  exerted  :  it  no  doubt  ope^ 
rates  with  a  certain  forqe,  the  circumstances  which  act 
against  it  only  being  so  powerful  as  to  preveiit  intimate 
combination.  The  particles  of  oxygen  and  nitrogen  gases 
are  capable,  under  pertain  circumstances,  of  exerting  a 
strong  mutual  attraction.  Under  the  circumstances*  in 
which  they  are  presented  to  each  other  in  the  atmosphere, 
this  is  not  exerted  sq  as  to  overcome  the  elasticity  of  eacb> 
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and  establish  that  intimate  combiaation  into  wfaichi  by 
0tber  arrangements,  they  may  be  made  to  enter.  But  stiil 
it  exists,  and  may  so  far  operate  as  to  counteract  the  slight 
difference  in  their  specific  gravity,  and  retain  them  in 
union*  This  accounts  for  the  phenomena,  and,  in  parti- 
cular, reopnciles  the  two  &cts;  which  appear  incompatible, 
the  uniformity  of  the  composition  of  atmospheric  air,  while 
it  has  no  prqperties'[;different  from  those  of  its  constituent 
parts.  The  principle,  too,  in  the  abstract,  is  more  proba- 
Ue  tilan  that  of  the  opposite  hypothesis.  The  particles  of 
any  individual  gas  repel  each  other :  why  therefore  should 
the  particles' (rf*  mixed  gases  not  exert  a  similar  repulsion  ? 
It  is  scarcely  possible  to  conceive  any  cause  for  this,  but 
the  exertion  of  a  mutual  attraction  not  sufficiently  power- 
iiil  to  overcome  their  elasticity,  and  luring  thiem  into  inti- 
mate combination,  bi)t  exerted  at  least  with  such  force,  as 
to  counteract  their  repulsion,  so  as  to  prevent  their  s^a- 
ration.  Mr  Dalton's  view  of  the  subject,  independent  of 
any  improbability  that  may  be  supposed  attached  to  its  prin- 
ciple, is  farther  liable  to  the  important  difficuhy,  that  if  no 
repulsion  exists  between  the  particles  of  two  mixed  gases, 
they  must,  in  the  movements,  impressed  on  elastic  fluids, 
occasionally  come  into  the  alosest  contact,  and  it  is  impos- 
sible to  assign  any  cause  why  they  should  not  then  enter  into 
intimate  union. 

,  Besides  the  oxygen  and  nitrogen  which  principally  com^ 
pose  the  air  of  the  atmosphere,  there  always  exists  in  it  a 
sensible  quantity  of  a  cbmpound  elastic  fluid*  Carbonic 
Acid  Gas*  This  is  easily  discovered,  by  exposing  to  the 
atmosphere,  substances  which  have  an  attraction  to  this 
ggs,  as  lime  water,  or  an  alkaline  solution  ;  they  are  soon 
found  to  have  imbibed  a  portion  of  it.    The  proporjtion  of 
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this  gas  to  the  other  gases  composing  the  atmoq^^here  is  so 
smal],  that  it  is  not  easy  to  estimate  it  with.gecuJTacy.  Mr 
Palton  has  inferred,  from  experiment^  that  it  does  not  ex* 
ceed  a  thousandth  by  weight.  As  this  gas  is  produced  In 
r^piration,  and  in  other  processes  at  the  surface  of  the 
earthy  the  portion,  of  it  contained  in  the  atmo^here  h^s 
been  supposed  to  be  derived  from  these  sources.  This  is 
Dot  improbable  $  at  ihe  same  time,  from  the  reciprocal  at- 
*  traction  which  gases  exert»  it  is  uniformly  diffused  ;  and  it 
appears  a^so  to  be  present  always  iji  n^rly  the  same  pro*-  ^ 
portion 9  and.  at  the  greatest  heights  at  which  the  air  has 
been  ^amined. 

Aqueous  vapour  is  another  coi^itpent  part  of  the  at- 
mosphere ;  obviously  derived  from  the  evaporation  of  wai- 
ter at  the  si}r&cei-*-an  operation  dq>endent  on  teiDperati|re 
ancl  other  causes,  and  therefore  the  propoition  is  not  jmi- 
form.  The  temperature  is  the  great  (Cause  by  which  the 
quantity  is  varied,  and  helnce  ^he  proportion  is  much  de- 
pendent on  climate  and  season/  Ip  the  torrid  zone,>  Mr 
JDalton  Remarks,  the  quantity  is  such  as  to  ^xert  a  pressuiB 
on  the  sur&ce  of  the  earth  eqo^I  to  from  0,6  to  an  inch  of 
mercury :  in  our  climate  it  is  seldoni  equal  to  ^  pressure  of 
0.6,  and  in  winter  is  sometimes  jSfo  Ip^^  as  Q.  1..  The  n^^ixi- 
mum  or  largest  quantity  which  can  exjs|  in  the  air  without 
condens^ion>  seems  to  a^iount  to  about  10  grains  in  a  o^ 
bic  foot  at  the  temperature  of  60,  a|id  4^5  at  the  tempera-, 
ture  of  .43^  The  tjuantity  increases  at  a  high  ratio  as  the 
temperature  is  raised.  While  the  vapour  preservesjcomplete- 
ly  the  elastic  form,  the  air  through  which  it  is  diffused  is 
transparent.  When  condensing,  it. communicates  a  dei- 
gree  of  opacity,  ai^,i  according  to  the  rapidity  of  the  cpn* 
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densatioD,  gives  rise  to  the  appearances  of  douds,  dew, 
misty  and  rain. 

A  suligect  c^  cbemical  inquiry  is,  by  what  c^ration  is 
water  elevated  in  Vapour  in  the  atmosphere  ?  and  farther, 
what  is  strictly  connected  with  this,  in  what  state  does  the 
aqueous  vapour  fxist?  Water,*  being  capable  of  ])assing  in- 
to vi^nr  from  the  action  of  heat  alone^  it  has  been  sup- 
posed that  its  elevation  in  the  atmosphere  is  entirely  the 
result  of  temperature  ;  the  vapour  formed  existing,  accord- 
ing to  one  view,  in  a  state  merely  of  mechanical  difiusion,  * 
independent  of  any  action  of  the  permanent  gases  upon 
it,  or,  according  to  a  different  hypothesis,  being  combined 
with  these  gases  by  a  weak  attraction.  According  to  a  di& 
ferent  theory,  the  transition  into  vapour  is  owing  to  the 
chemical  affinity  exerted  to  water  by  atmospheric  air,  and 
of  course  it  is  retained  by  that  air  in  a  state  of  solution  or> 
weak  combination. 

This  last  theory,  proposed  by  Halley,  and  afterwards 
illustrated  by  Le  Roy,  Hamilton  and  Franklin,  is  proba- 
bly the  just  one.  A  mutual  affinity  exists  between  water 
and  the  gases  coitiposing  the  atmosphere,  for  it  absorbs 
them  in  sensible  quantity ;  the  same  affinity  must  operate 
in  enabling  these  gases  to  dissolve  a  portion  of  water>  And 
this  is  promoted,  like  all  similar  combinations,  by  a  high 
temperature,  by  agitation,  and  of  course  also  by  the  dryness 
of  the  atmosphere.  The  opposite  views  rest  on  the  assump- 
,  tion  extremely  doubtful,  that  trater,  independent  of  any 
chemical  action  of  the  air  upon  it,  can  pass  into  vapour  at 
natural  temperatures.  The  proof  which  has  been  usually 
given  of  this  is,  that  water,  placed  in  vacuo,  passes  into 
vapour  at  such  temperatures.  But  the  proof  is  inconclu- 
sive^  for  in  the  manner  in  which  the  experiment  has  been' 
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perfprmed  by  introducing  water  into  tHeracuum  of  th^  dr 
puinp)  or  ttie^  more  perfect  Torricellian  vacuum;  while  the 
chemical  agency  of  the  aiir  is  withdrawn^  its  pressure  is  aW 
*so  removed ;  and.  although  a  portion  of  water  may,  under 
these  circumstances,  pass  into  vapour,  this  is  no  proof  that 
the  same  thing  will  happen  under  the  usual  atmoqiheric 
pressure.  .The  experiment  to  be  conclusive  must  be  per- 
formed .under  a  pressure  equivalent  to  that  of  the  atmo9» 
p^ere,  that  is,  equal  tO  a  oolumn  of  mercury  294-  inches  ill 
tieight.  But  the  result  is  then  subtersive  of  the  hypotfacr 
sis;  for  water,  under  that  pressure  invacuo^  does  not  sen^ 
sibly  evaporatCk  _ 

.  It  is  probable,  therefore,  that  the  spontaneous  evapora^ 
tion  of  water,  exposed  to  the  iU;mosphere,  dq)ends  princi- 
pally on  the  attraction  exerted  to  it  by  the  elastic  fluids 
which  form  atmospheric  air,  and  the  aqueous  vapdur  may 
be  regarded  as  in  the  same  state*  of  slight  union  with  the 
other  gas^  composiog  it,  as  they  are  with  each  other. 
The  only  difference  is»  that  they  being  so  &r  distant  from 
the  point  at  whibh  they  assume  the  aeriform  state,  are  not  * 
affected  by  natural  changes  of  temperature,  while  these 
changes  must  affect  the  combination  so  far  as  it  relates  to 
the  aqueous  vapour.  • 

.  Another  chemii^  question  of  considerable  interest,  but 
stiU  involved  in  difficulty,  relates  to  the  causes  by  which 
water  is  precipitated  from  the  atmosphere.  It  is  obvious, 
that  it  may  •  be  occasioned  >y  reduction  of  temperature,  but 
it  is  not  easy  always  to  trace  this  cause,  and  especially  to 
account  for  that  sudden  and,  copious  deposition  which  ccm- 
stit^utes  rain.  Hntton  advanced  .the  hypothesis,  that  the 
9olyent  power  of  aii?i  with  regard  to  water,  is  increased  by 
temperature  in  a  Ibigher  ratio  than  the  increase  of  tempe- 
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raturtf  itself;  this  appearis  to  be  cohBnned  by  subsequent 
es^erunents.  The  ecmseqn^ice  of  it  is,  that  if  two  por-» 
tions  of  air^  at  dtfierent  temjperatures,  are  mingled,  as  tbey 
may  be  in  the  atmosphere  by  winds,  the  whole  quantity,  if 
eaoh  has  be^a  previously  saturated  with  humidity,  wUl  be 
incapable  of  retaining  in  solution  all  the  wat^r  wbidi  the- 
s^ar ate  portioi^  held  dissolved :  a  quantity  tibere£>re  will 
be  rapidly  sefiarated,  and  its  partides,  uniting  and  mset- 
iiig  with  resistance  in  their  descent,  will  coalesce  so  as  to 
forib  rain.  Electricity  has  som^mes  been  supposed  to  be 
concerned  both  in  the  spontaneous  ^apori^ioin  of  water, 
and  in  its  dqM)sition  from  the  atmosphere  i  but  the  facts 
with  regard  to  this  are  not  weM  ascertained,  nor  is  the  a« 
gency  of  this  cause  well  imderstood. 

The  atmosphere,  then,  so  &t  as  its  constituent  padPts  can 
be  ascertained  by  diemical  analysis^  c<»isists  of  OKygen,  ni- 
trogen, carbonic  acid,  sand  dqoeotts  vapour  *,  the  three  first 
are  in  ccm^ant,  the  last  in  tartable  proportion ;  but  taking 
the  mean,  the  following  ma^  be  giVen  bb  the  relative  (pian- 
tities  of  these  principles. 

f 

Nitr(^en  gaS)  77,5    by  measure,  75.55  by  weight* 

Oxygeii  gas,  2J.       ■>■  25.^  ^i.. » — 

Aqneoftis  vapour,  1.4.^ -*_ -.    1.08^  ■         ■  — ' 

Carbonic  acid  gas^  *0S  ■■  ■  .i ^ .10  "i"    ■ 

The  properties  of  atuftospheric  «r  are  merely  those  of  its^ 
6(»istituent  gases,  weakened  by  ihehrmutusd  dikition.  It 
is  invisible,  insipid,  inodcnrous,  compressible,  and  perma^ 
nently  elastic.  Its*  i^ecific  gravrty'ii^  .0012279^,'— the  me- 
dium, as  nearly  as  can  be  estimated,  between  the  specific'^ 
giiavities  of  oxygen  and  nitrogen  gilses,  in  the  proportioni^  * 
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i^  wbieh  tbey  are  "mixed  in  the  atmosphere.  lOO  ciib)p 
itielies  weigb  SI  or  dO*5  grains. 

Atmoqoiieric  air  supports  CQmbustion»  a  power  depeia^ 
dent  on  its  oxygen*  From  the  joperation  t>f  th&  same  prinr 
dpk,  it  sastains"  animal  Mfe  in  respiration*  Tbe  action  oi 
the  nkrogen  is  n^^itiye  in  both  processes^  it  serves  Iheire^ 
fore  merely  to  weaken  the  ai^ion  of  tbe  oxygen.      . 

Water  absorbs  atmospheric  airj  though  in  sparing  quan- 
tity- The  absorption,'  too,  is  uneqna}  with  regard  to  its 
constituent  parts,  more  of  the  oxygen  being  absorb^  than 
of  the  nitrogen*  .  By  a^tation  of  a  small  portion  of  air 
with  a  large  quantity  of  water,,  the  oxygen  may  even  be  en- 
tirely abstracted,  whil^  tbe  greater  part  of  the  nitrcigeB  re- 
mttns  unabaorbed.  Hence  aU  water  exposed  to  the  atmosr 
phere  holds  air,  chiefly  oxygen,  dts^Ived,  audit  is  difficvit 
to  expel  this  air  from  it  completely. 

Atmosjpheric  air  is,  from  its  chemical  powers,  ah  im- 

I 

poTtant  agent  in  many  chemical  and.  natural  processes.  It 
equalizes  temperature  over  the  globe,  and  distributes  wa- 
ter. It  sustains  life  in  respiration,  and  is  necessary  in  the 
process  of  vegetation*  J^nd  by  its  chemical  action  it  slow- 
ly ef&cts  change&in  the  greater'number  of  substances  which 
are  exposed  to  it.  ^ 

g  An  interesting  subjeci,  but  one  extremely  obscure,  re- 
lates to  the  natural  processes  by  which  the  purity  and  uni- 
form composition  of  the  atmosphere  are  preserved.  By  re- 
spiration, combustioq,  and  other  chemical  changes  going 
on  at  the  sur&ce  of  the  earth,  it  is  suffering  constant 
changes;  its  oxygen  is  consumed,  and  carbonic  acid  and 
other  gases  are  communicated  to  it.  How  are  these  changes 
counteracted  so  as  to  preserve  the  atmosphere  of  uniform 
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composition  ?  At  one  time  it  was  imagined^  that  th^  ve* 
getable  kingdom  performed  this  important  function  $  grow- 
ing plants  absorbing)  it  was  supposed,  carbonic  acid  gas  by 
tbeir  leaves,  and  exhaling  oxygen  gas.  The  two  tribes  of 
animated  beings  thus  stood  opposed  to  each  other  in  their 
,  relations  to  the  atmosphere,  and  this  presented  an  admirable 
view  of  adjustment  in  the  econoiny  of  nature.  There  is, 
however,  much  reason  to  doubt  of  the  facts  oh  which  the 
opinion  rests,  and,  from  more  recent  investigations,  it  up* 
pears  even,  that  except  when  under  the  direct  action  of  the 
rays  of  the  sun^  vegetables,  like  animals,  consume  oxygen, 
and  form  carbonic  acid.  There  must  therefore  be  other 
processes  by  which  the  changes  in  th^  atmosphere  are  re- 
gulated,  and  its  purity  restored ;  and  these  are  at  preoait 
very  imperfectly  traced. 
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CHAP.  IV. 

i 

OF  THE  CHEMICAL  AGENCt  OF  OXYGEN  IN  ITS  PURii 
FORM,  AND  AS  IT  EXISTS  IN  ATMOSPHERIC  AIR,  AN0 
OF  ITS  GENERAL  CHEMICAL  RELATIOJ^S. 


X  kE  attraetive  power  of  okygeii  towards  other  bodies  is 
Hiore  extensive  than  that  of  any  other  chemical  agentjand 
the  histCMry  of  its  combinatfons  forms  perhaps  the  most  im-^ 
portant  part  of  dbaraical  science.  The  agencies  of  thi»  ele* 
ment  admit  of  some  general  observations  1  and  as  they  are 
exerted  by  itboth  in  its  pure  form,  and  as  it  exists  in  at>  . 
mospheric  air,  I  consider  these  observations  as  best  placed 
afi^r  the  history  of  the  atmosphere*.  They  ibrm  the  subject 
of  the  present  chapter. 

The  most  general  phenomenon  attending  the  combina- 
tions of  oxygen,  is  the  evolution  of  heat  and  light.  This 
constitutes  die  operation  of  Combustion  or  Burning,  th^ 
theory  of  which  ia  first  to  be  explained. 

The  phenomena  of  combustion,  and  the  distinction  of 
bodies  intb  combustible  or  inflammable,  and  incombustible 
or  uninflammable,  are  sufficiently  familiar.  The  latter, 
when  exposed  to  heat,  have  their  temperature  raised  pro^ 
porttonal  to  the  degree  of  heat  applied;  but  when  this 
is  withdrawn,  the  temperature  falls,  and  they  return  to  their 
former  state.  G^mbustible  bodies,  on  the  contrary,  when% 
sufficiently  heated,  begin  of  themselves  to  emit  heat ;  tbi» 
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is  also  accompanied  with  an  evolation  of  light ;  and  while 
these  changes  proceed,  the  body  appears  to  bQ  consumed, 
or  at  least  it  is  converted  into  matter,  which  is  no  longer  in- 
.  flammable.  It  is  this  emission  of  heat  and  light,  with  aea 
aj^arent  waste  of  substance,  or  change  of  properties,  which 
constitutes  the  process  of  Combustion. 

To  ex{:dain  these  phenomena,  Stahl,  following'  some 
views  which  had  been  suggested  hj  Becber,  withr^ard  to 
the  nature  of  combustible  bodies,  and  the  theory  of  com- 
bustion, supposed  that  inflammables  -contain  a  common 
principle,  the  matter  of  heat  and  light,  Phl<^stou  as  he 
named  it,  on  whidi  their  inflammability  depends;  that 
the  dfisengagement  of  this  gives  rise  to. the  sensAile  pheno<- 
mena  of  combustic^,  and  that  to  its  evolation  the  loss  of 
inflammability  is  owing.  He  farther  astdblidied,  in  can- 
fermity  to  these  views,  an  impc»1ant  fact,  l^at  inflammahi*. 
lily  may  be  restored  to  t)ie  uninflammable  product  by  bcati« 
ing  it  with  another  inflammable  substance,-^ a  change  iriiich 
he  ascribed  to  the  transfer  of  the  infl&mnahle  piincipky 
from  the  one  to  the  other. 

This,  hypothesis  fq>pearing  U>  aflbrd  a  satisCsctory  ex- 
planation of  the  plmiomena,  was  uBiversally  received,  and, 
for  a  considerable. perioid,  no  doubt  was  entertained  erf*  ita 
truth.^  In  framing  it,  however,  Stahl  had  not  attended  tb 
the  iiifluence  of  the  air  in  combustion:  even  before  his  time, 
this  bad  been  demonstrated,  and  the  nature  of  it  in  some 
d^ree  ascertained,  by  the  esqDeriments  of  Mayow  and 
Boyle,  which  in  particular  had  shewn,  that  the  admission 
of  the  air  is  indispensable  to  burnings  and  that  it  suffers 
diminution  during  the  process.  These  facts  the  doctrine 
ef  l^hl  did  not  expjain.  It  had  farther  been  ascertained, 
that  some  bodies,  instead  of  losing,  gain  weight  in  burning. 
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fact  inexplicable  on  the  supposition  tbatcombnstion 
fonststs  merdy  in  tbe  disengagement  c^  a  principle  from 

^    the  burning  body. 

Various  attempts  were  made  to  sc^e  these  difficulties, 

^  but  with  little  success ;  and  tbe  disi^overies  whic}i  were  soon 
d&er  made  of  the  chemical  agencies  of  tbe  elastic  flaidS) 
proved  fetill  more  clearly  thedefici^cy  of  the  original  doc- 
trine.   It  was  observed)  that  Combirstion  proceeds  mote 

.  rapidly  in  oxygen  gas  than  in  atmospheric  air;  and  it  was 
farther  shewn  by  scCurate  experiments,  that  w^n  it  is  car- 
ried oq  in  atmospheric  air,  the  volume  and  weight  6f  tbe 
.air  are  diminishedy  and  the  rteidual  air  is  incapable  of 
supporting  that  process, — changes  which  Vere  fiirther  pro- 
ved td  be  owing  to  the  consumption  of  oxygen.  These 
ficts  led  to  different  views.  While  the  greater  namb<^r  of 
chemists  laboured  to  reconcile  them  with  the  system  of 
Stahl>  two  French  chemists,  Bayen  and  Lavoisier,  consi- 
dered them  as  leading  to  the  subversion  of  the  hypothesis. 
B^ycn  had  observed,  that  from  the  calces  of  metals,  as  they  * 
were  named,  a  large  quantity  of  elastic  fluid  is  given  out 
on  exposing  thtoi  to  heat  with  charcoal,  or  even  with  re- 
gard to  some  of  them  to  heat  alone,  the  metal  being  at  the 
same  time  r^ednced  to  the  metallic  form ;  whence  he  oon- 
chi]^ed,  that  the  metal  owes  its  calcined  state,  not,  as  the  sys- 
tem of  Stahl  supposed,  to  the  loss  of  phlogiston,  but  to  its 
combination  with  this  airl  Lavoisier  had  at  the  same  pe- 
jtidA  traced  still  farther  the  agency  of  the  air  in  combustion. 
He  demonstrated,  what  in  part  indeed  had  been  shewn  by 
former  chemists,  though  it  had  never  been  much  attended 
to,  that  its  volume  is  diminished  di^ring  this  process,  the 
dimintition  ceasing  when  it  proceeds  to  a  certain  extent  ^" 
,  that  the  substance  in  burning  increases  in  weight,  and  that 
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from  tlie  product  of  the  combustion,  an  elastic  fluid  may 
be  obtained.  The  views  suggested  to  him  by  these,  expe- 
riments, he  gradually  extended  and  strengthened  by  new 
Researches.  He  at  length  established  the  simple  principle, 
that  combustion  is  merely  the  combination  of  oxygen  with 
combustible  bodies.  And  availing  himself  of  the  discov^y 
of  Black,  that  a,  large  quantity  of  latent  .cajoric  is  peculiar 
to  a  body  in  the  aeriform  state,  he  farther  inferred,  that 
the  heat  produced  in  burning  is  not  derived  from  the-con^- 
bustible  matter,  but  from  the  oxygen  ges.  The  facts  which 
had  been  established  partly  by  his  own  researches,  partly 
by  those  of  others,  he  combined  and  drew  from  them  the 
legitimate  conclusion :  he  rejected  an  established  system 
which  commanded  the  assent  of  the  greater  number  of  his 
cotemporaries,  and  he  succeeded  in  establishing  the  theory 
he  advanced. 

This  theory  rests  oti  the  following  general  facts  r  1^^, 
The  presence  of  oxygen  is  indispensable  tp  combustion : 

^  this  is  proved  by  a  combustible  body  being  incapable  of 
being  kindled  in  vacuo^  or  in  any  air  which  cannot  afford 
to  it  oxygen ;  or,  if  kindled,  it  is  immediately  extinguish- 
ed in  any  of  these  situations :  while,  if  it  be  placed  in  pure 
oxygen  gas,  its  combustion  is  more  vivid  than  in  atmos- 
pheric, air.  2rffy,  The  oxygen  present  is  always  con- 
sumed, as  is  proved  by  the  diminution  of  volume  and  ab- 

'  straction  of  oxygen  which  attend  combustion  in  atmosphe- 
ric air :  herice,  too,  a  burning  body,  when  confined  in  a 
certain  quantity  of  air,  burns  only  for  a  limited  time,  that 
is,  until  the  oxygen  present  is  consumed  \  while,  in  the 
same  quantity  of  oxygen  gas,  it  continues  to  burn  much 
longer;  the  diminution  of  volume  too  is  in  this  case  great- 
er,  and  were  the  oxygen  gas  pure,  arid  could  the  procest 
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be  carried  dn,  the  whole  of  the  oiygen  might  be  eoQr 
sumed.  Mly^  In  every  case  of  combustion  the  combusti- 
ble body  increases  in  weight,  an  increase  equal  to  the 
weight  of  the  oxygen  which  disappears ;  this  increase  of 
weight  indeed  is  not  always  Apparent ;  on  the  contrary,  it 
often  appears  that  the  weight  is  diminished,  or  even  that , 
the  body  is  entirely  consumed ;  but  this  is  owing  to  the 
product  being  one  existing  in  the  aeriform  state,  and 
therefore  not  evident  to  the  senses :  if  obtained,  however^ 
and  weighed,  it  is  found  to  exceed  the  weight  of  the. com- 
bustible body;  and  in  every  case  oi  this  kind,  as  well  as 
where  the  product  is  a  concrete  substance,  and  of  course 
more  easily  weighed  with  accuracy,  the  increase  of  weight 
is  found  exactly  equal  to  the  weight  of  the  oxygen  gas,  whicby 
during  the  combustion,  had  combined  with  the  combustible 
body.  Lastli/,  The  oxygen  whidi  has  disappeared  during 
the  process  of  conibustion,  can  always  be  recovered  from  the 
substance  formed  by  the  process :  it  cannot  always  indeed 
be  obtained  in  a  pure  form,  for  the  affinity  by  which  it  is 
retained  combined  with  tl^e  combustible  body,  is  in  gene- 
ral  too  powerful  to  be  overcome  by  th^  mere  application 
of  heat,  but  it  can  always  be  procured  by  exposing  the 
substance  formed  by  the  combustion  to  the  action  of  ai)- 
other  inflammable  body,  having  a  stronger  attraction  to 
oxygen ;'  the  oxygen  is  transferred  from  the  former  to  the 
Ifltter,  and  the  substance  which  we  know  to  be  formed 
from  that  substance  combined  with  oxygen  is  obtained  ; 
the  quantity  of  this  new  product  indicates  the  quantity  of 
oxygen  transferred,  and  this  always  corresponds  with  the 
quantity  which  had  originally  been  consumed  in  the  com- 
'  bustion.  All  these  facts  have  been,  ascertained  by  experi-r 
ments  of  great  accuracy,  and  they  establish  the  cpnclusion, 
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that  GombustiOQ  consists  in  the  combination  of  oxygen 
lyith  combustible  bodies :  Tliese  bodies  are  substances  ba- 
ying an  attraction  to  os^ygen  :  And  the  products  of  com- 
bustion are  compounds  of  them  with  this  principle. 

This  combination,  like  other  cases  of  chemical  action, 
i%  influenced  by  temperature :  in  general)  heat  requires  to 
be  applied  to  cause  it  to  comfuence,  the  evolution  of  calo- 
ric from  the  combination  itself  being  then  sufficient  to 
enable  it  to  proceed.  The  hpat  operates^y  diminishing 
the  cohesion  of  the  combustible  body  which  opposes  the 
cDmbinationi and  the. degree  of  it  will  be  regulated  by  the 
force  of  that  cohesion,  and  the  strength  of  the  affinity  be- 
tween tb^  oxygen  and  the  combustible^  matter.  In  in- 
flammable elastic  fluids,  the  elasticity  operates  as  an  ob- 
stacle to  the  ccnnbination :  this  is  overcome  by  a  high  tem- 
perature :  the  operation  of  which^  introducing  this  effect, 
I  have  already  endeavoured  to  explain,  (pag9  50).  Grot* 
thius  has  shewn,  that  the  combustibility  of  the  inflammable 
gases  is  considerably  dependent  on  their  density,  so  that*a 
mixture  of  any  of  them  with  oxygen  gas,  if  rarefied  to  a 
certain  extent,  either  by  heat  or  by  the  air-pump,  is  not 
inflamed  by  the  electric  sparky  which  kindles  the. mixture 
easily  in  a  denser  state*  Hence  bodies  may  be  very  in* 
flammable  under  great,  pressure,  the  inflammal^ility  of^ 
which  is  weak,  or  even  not  apparent  in  a  rarefied  atmos- 
phere.: and  in  mixtures  of  different  inflammable  gases 
with  atmospheric  air,  there  will  be  a  certain  degree  of 
'    density  within  which  the  mixture  only  can  be  inflamed. 

From  the  facts  thus  established  with  regard  to  combus- 
tion, it  remains  to  explain  the  phenomena  which  attend 
it, — the  evolution  of  heat  and  of  light. 

With  regard  to  the  origin  of  the  heat  in  burning,  the 
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popular  notion  appears  at  first  view  self-evident^— ^hat  it  is 
derived  from  the  burning  body.  It  is  more  or  less  hot; 
no  other  agent  appears  to  be  concerned  v  a(nd  it  appears 
nearly  an  incontrovertible  cbnclusion,  that  the  body»  the 

.  temperature  of  which  is  thus  elevated,  is  the  source  of  the, 
caloric  by  which  the  eleviation  ia  produced.  It  is  accotd^ 
ingly  the  conclusion  which  was  received  in  the  earlier  hy- 
potheses of  Becher  and  Stahl. 

The  discovery  of  the  influence  of  the.  air  in  combustion, 
however,  invalidates  the  apparent  strictness  of  the  reason- 
ing whence  this  conclusion  was  drawn ;  for,  when  it  is 
established  that  combustion  is  not  merely  an  affection  of  the 
combustible  bnody,  but  is  the  result  of  its  combination  with 
a  portion  of  the  air,  it  is  obvious,  that  the  heat  may,  with 
as  much  probability,  d  priori^  be  supposed  to  b^e  derived 

^  from  the  one  as  from  the  other.  Whether  it  proceed  froin 
.  the  combustible  matter,  orfiroitL  the  oxygen  gas,  it  must  be 
evolved  at  the  surface  where  the  combination  firoceeds, 
that  is,  at  thie  surface  of  the  burning  body:  this  body  is 
apparent  to  the  senses,  •  while  the  gas  being  invisible  escapes 
observation ;  but  still  the  caloric  given  ogt  by  the  g^,  and 
communicated  to  the  substance  in  the  act  of  combination, 
may  be  the  dause  of  its  eleviation  of  temperature. 

When  it  was  farther  ascertained,  as  wsw  done  by  the 
discovery  of  Blade,  that  aeriform  substances  contain  a 
large  quantity  of  caloric  peculiar  to  their  aeriform  state,  it 
became  even  the  more  probable  opinion,  that  'the  caloric  , 
evolved  in  combustion  v&  derived  from  the  oxygen  gas, 
which  in  that  process  generally  passesinto  a  more  dense, 
and  often  indeed  into  a  concrete  form.  This  accordingly 
waf^  the  first  modification  of  this  opinion  that  was  pro- 
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posed,  the  faeat  produced  being  supposed  to  be  the  latent 
caloric  peculiar  to  the  oxygen  in  its  aarial  form. 

Another  view  of  the  8ul]gect,  or  rather  a  different  mode 
of  expressing  it,  was  proposed  by  LaYoiner.  He  regarded 
caloric  as  existing  in  bodies,  and  especially  in  those  in  the 
aeriform  state,  in  a  state  of  chemical  combination,  and 
supposed  it  to  be  disengaged  in  combustion  from  the  oxy- 
gen gas,  in  consequence  of  the  superior  aflSnity  of  the 
combustible  body  to  oxygen. 

Crawford  gave  the  explanation  under  a  form  less  hypo- 
thetical, and  more  directly  inferred  from  experiment. 
The  general  £ict  had  been  demonstrated,  that  different 
bodies  at  the  same  temperature  contain  different  quantities 
of  caloric,— >a  £ict  expressed  by  saying,  that  they  have 
different  capacities  for  heat.  Irvine  had  &rther  shewn, 
that  the  capacity  for  heat  is  often  changed  by  chemical 
combination.  It  occurred  to  Crawford,  that  such  a  change 
might  happen  during  combustion,  and,  if  it  did,  might 
give  rise  to  the  evolution  of  heat  which  attends  the  pro- 
cess ;  for,  if  the  capacity  be  diminished,  in  other  words,  if 
the  capacity  of  the  compound  resulting  from  any  combina- 
tion be  less  than  the  mean  of  the  capacities  of  its  consti- 
tuent parts,  a  portion  of  caloric  must  be  rendered  sensible, 
or  produce  an  elevation  of  temperature.  This  led  to  an 
extensive  experimental  investigation,  whence  were  esta^ 
blished  the  general  facts,  that  the  capacity  of  oxygen  gas 
for  caloric  is  uncommonly  large,  that  the  capacities  of 
combustible  bodies  are  comparatively  smaO,  and  that  the 
capacities  of  the  substances  formed  by  combustion,  though 
superior  to  those  of  combustible  bodies  themselves,  are  in- 
ferior to  the  mean  of  these  and  of  oxygen  gas.  Hence 
from  this  diminution  of  capacity  produced  by  the  combi^ 
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tiatioa  of  oxygen  with  coj^Histibk  bodies,  an  elevation  of 

temperature  must  attend  the  combinatioh^  aodthe  oaione 

;prQdik£tQg  this  must  be  derived  from  tbe  t>3^yg»»  ^91^  :i9at 

from  the  combustible  matter.     In  differiasit  bodieSf  tike 

.  I"* '   ' 
idifibrei^e  in  the  propbrtioti  b^tw'eeii  the-dapabitie^  before 

and^ter.  combustion  are  diiferienti  and  heiio&;i]i!^  qoanti- 

ties  of  caloric  evolved  are  extremdyrVaricAiSir*:  c    : 

It  is  n<!^ difficult  todetenaaiiie^ which. of  Ibeicf  es^laiMi- 
tions  is;to  be/prefened« .  .  CraWfofdTs  iavdireft  poi  l^]^pothe- 
si^  ;  and  if  the  experimenis  by  which*  the'  capasitiss-dre' de- 
termined be\cofirect^  :or  ^even  be  apf^c^mationcito  ac- 
curacy,, it  is  whsA^  every  pfaSdsophicali  thediy  biight  to  be^ 
die  expr^sioniof  igeiieral  fiicts.  Moioh  c^ee  mj»  hestowkd 
by.  Cranibrd  axi  theih^flftigation,  and  the  resnlti^appeaif- 
6d  enticed  to  fidl  confidence^  or;  at  fiistfaest^  to  be  Uilfa|e 
to  '^Qri^s&dmg  npt  tlu».pnnciple)'  butiinerely  the^dd-  . 
motion^  of  tbe  Quantities  of  eatow  evcAved.    <      .  '    . 

Xatdjs,  ^hbwever^  «3iperinleBtB  bi^e  been  mad^  iribiUi. 
bateiaffcM^ed  a  very.d^rent  estimate  of  theicapadttea  «f 
oKygen  aud  othe^  aerial  flukls;  £roni  those  of  GraiHbt^^ 
and  which,  if  correct^  c»^iishi  his  doctranet.  Tfacseaire  tbe 
eisyperidlent&  of  Berard  and  Belaroeiie^i  Which  ^I  hi^v^  al- 
ready- noticed,  (pagje  150).    '  lyst^adi  df  tiie  laF^e  capacity 
assigned  by  Criawfofd  to  bxygiin^ga's^  ^theiy Estate* it  a&idfe^ 
ribr  to 'that  of  the^grsbter  nuinberiof  .elasttdo/fluida,  botih 
jcomfodsttbte^  and  the  products  of  •eqmbiistfon*.;  )its  aapa« 
•city,  t6v  example;  compared  willi:  that  of  oifbtxmc  acid^iis 
-^ast)l9705'to  l;2^8S^8tiiDated!by  volume/    Ndw^  aa.oxy- 
g€ci  g^s^^  .k  doiy?e7ted,-  into  carbonic  acid  gap  ^by  the  .com- 
>  builtion  of  dbarebal, '  without  .'any  change*  o£  volumef  thdire 
'  oirght^  according  to  lia^  €scki»titnivk>»'th^  doi^trinQ'xrflfca- 
^acitii^Biito  be  asiimtoolica'idfllsad^^^ 
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(fer  tile  €banx>al  ctnaot  be  rappoeed  to  aflford  io  large  a 
qiuailitjr  of  caloric  as  is  neeessaiy  to  chioge  this  resulty) 
aad  at  least  wkat  beat  is  extricated  cannoibe  derived  from 
tbe  otygm  gas. 

I  have  alreai^  remarkedy  tbat  there  is  styi  some  room 
fin*  doobt  with  r^ard  to  the  superior  accmrafy  of  these  re- 
sults^  compared  wkh  those  of  Crawford's  experiments; 
ami  it  is  possible  at  leasts  that  if  in  the  latter  die  capacity 
of  cnq^gen  gas  is  stated  too  high>  it  may,  in  the  former,  be 
slated  too  low.  The  relattons  these  diemists  assign  in  the 
capacities  of  the  gases,  are  at  varianoe  with  a  graer^  re- 
sult established  by  a  very  strict  and  extensiYe  oone^xui- 
dence  in  the  capacities  of  bodies,  which,  from  existing  in 
the  solid  or  liqaid  form,  are  capaUe  of  being  ascertained 
with  more  accuracy ,-^-that  the  qqaacities  of  the  products 
of  oxidatioD  are  unifiormly  stqierior  to  those  of  their  in- 
flammable ba8e%  a  result  which  of  itself,  too,  seems  to 
shew  that  oxygen  has  that  kind  of  relation  to  caloric 
whence  a  larger  quantity  of  this  power  is  requisite  to 
produce  elevation  of  temperature,  while  inflammably  sub- 
stances are iti  diis  respect  the  reverse.  And  tbesegeneral 
-&cts,  less  liable  to  &llacy  than  tbe  estimation  of  the  capa* 
cities|of  the  aerial  fluids,  are  favourable  to  the  principle  on 
-wbidi  the  origin  of  tbe  beat  in  combustion  has  hitherto 
.  been  explained.    Some  other  analogies,  too,  confirm  it* 

There  is  another  point  of  view,  however,  under  which 
this  snbyect  may  be  considered.  The  effects  of  voltaic  ay- 
rangements^have  clearly  shewn,  that  certain  states. dfelec- 
trical. action iM^ve  a  source  of  heat ;  and»particttlarly  when 
th^  two  electricities  ane  discharged  so  as  to  neutralise  each 
other,  very  intense  heat  is  excited,-  and  this  even  (or  an 
imlimiied  time :  this  cannot  be  accouQtied  lor  &om  any 


(  ' 


C   .  1- 


P" 


oi|  QxyesK* 


275 


change  of  capiicily.  NowTi  there  Is  flonse  f^fiion  Co  8^|n- 
pose^  tbi^  changes  in  tibe  dectorioal  -  states  of  die  partides 
of  bodies  Mre  often  connected' with  chemical!  ocanbiiiatioiH 
though  they  may  not  always  be  easily  traced  i  and  if  thsse 
do  oceoT)  they  may,  in  conformity  to  this  kw^  prove  a 
source  df  heat)  indepeiident  of  any  change  in  the  d^adties 
of  the  bodies  which  combine*  And  as-eombostion' isa 
_i*a|ud^  and  Very  inlimate  <;ombination  between  substanees 
hairing  very  ^aergetic  affinities,  such  ebangi^,  if  they  oo- 
cur  at  aU,  are  not  onKliely  to  bappett  in  this  process. 

If  it  shaH  flf^eor  from  fertherinvestigatiioii,  that  tbe/dkr 
vktipn  of  -temperature  in  c^oabustipn  cannot  be  aceounted 
ibr  from  jife  changes  of  capacity  found  by  expeariment  to 
take  place,  such  a  cause  m  th]^  may,  with  probability,  be 
assigned  8»  toi^ibuting  to  the  e^ect ;  but,  in  the-  preset 
atake  of  our  loiowledge,  we  have  ba  sufiicient  grounds  from 
which  w^  can^  even  infer  the  certainty  of  its  Ofieration, 
much  less  trace  how  far  it  modi$es  the  action  of  the  olb^; 
nor  is  it  by  any  means  clearly  proved,  thi^  the  evcduikm  of 
heatia  chemical  action  is  in^nsidt^t  with  the  dbctrine' 
that  it  may  be  derived  from  changes  of  capad^,  though 
-arguments,  in  sn{^rt  ofihis  G0ndQsi4xn,  have  beeii  oilen 
urged,  arising  txom  misconception  of  the  sulyect. 
.  The  ^igin  of  the  )tght  in  cmnbustion  is  of  difficult  ex- 
planation.    Lavoisier  hod  supposed  it  to  be  ^rived  &om 
the  oxygen  gas,  but  without  any  conclusive  evidence;  for 
it  is  obvious,  that  the  admission  of  the  fact,  that  the  calo- 
ric is  evolved  from  this  gas,  is  no  proof  that  the  light  has 
the  same  source ;  at  lej^st  without  the  assiumptipn  that  these 
two  principles  are  the  same* 

We  have  perhaps  no  very  decisive  evidence,  that  the 
light  is  derived  from  the  ccmibustible  body ;  still  ti&ere  are 
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seme  *ftct8  whkh  ap|)eir  to  render  this  the  more  probable 
oponioiii  adnittiiig  at  least  that  light  is  stilgect  tq  chemical 
aAnties^  aad  miters-  into  chemical  combinatioDs.     Thas, 
l^t  is  ofte&  efviAved%  whendxygen  is  transferred  from  one 
ioAmnlnablifr  te  another,  and  as  the  oxygi^  in  its  fintf 
combination  has  parted  with  its  lig^t,  if  it  oontamed  any, 
die  light  evcived  in  the  second  combination  mnst  be  sap- 
posed  to  bederired  from  the  inflammable  body*    Another 
.  fnet#  more  ctmchnwe^-is,  that  an  evoliition  of  light  attends 
the  conrf^naCiim  of  inflammable  substances  wkh  each  otheri 
of  iriiich  we  have  a  striking  eaeaa^le  in  the  oombioation 
of  se^^r  with  metals.    This  a^^ears  to  prove  that  li^t 
eajsis  in  these  bodies,  and  as  we  have^no  similar  proof  of 
its  existence  in  oxygen  gas,  it  follows asthe  more  probable' 
cdndolsion,  that  the  light  evolved  in  combosticm  is  derived 
fi^m  the  combustible  body.     At  the  same  time,  it  is  to  be 
or^Darhed,  Ihat  with  regard-  to  principles  so  sobtle,  onr 
oondusiotis  must  in' the  present  state  of  chemistry  be  on-* 
oertaitt  $  and  the  prcidoction  of  intense  light  by  ignition 
and  by  gal^^anism,  without  our  being  able  distim:tly  toas- 
s^its  origin,  pmves  sufficiently  fh^t  we  are  imperfectly 
acqttflflnted  with  the  chemical  relations  of  this  power,  and 
that  it  is  by  hypo&esis  <mly  that  we  consider  it  as  subject 
to  those  laws  i^combinatipii  which  are  applied  to  ponder* 
Mb  sidislanceS. 

Very  different  quantities  of  light  are  given  out  by  difife* 
rent  omnbuMibie  bodies  in  burning ;  in  general,  the  illu- 
mination is  greatest  from  those  which  are  in  the  state  of  . 
vaponr  while  burning:  this  is  not,  however,^ strictly  neces- 
sary, some  substances  which  remain  fixed,  as  phosphorus 
or  iron,  giving  very  intense  light.  The  constitution  of  the 
light  emitted  with  regard  to  the  different*  coloured  rays^  is 
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also  different  in  different  bodies,  some  in  bumiiig' giving 
white,  others  differently  coloured  light.  This  appears  to 
be  very  much  conducted  with  the  temperature  wjiidb.ad^ 
companies  the  combustion.  Those  which  bum  with  a  low 
heaty  as  sulphur  or  ardent  spirit,  in  general  eiaiit  thf  Ij^e 
or  purple  rays  most  copiously ;  those  which  burning  pro* 
dnce  a  greater  elevation  of  temperature,  as.  €lmiPC0i|l»  give 
the  red  rays^  and  where  the  teibperatiire  is  high,  and  the 
<:ombustion  rapid,  all  the  rays  are  emitted  so  as  to  consli* 
tute  white  light. 

'     *  '  ... 

Besides  combnslion,  there  are  other  ca9c»  of  tlie  cpmbl^ 

nation  of  oxygen  more  complicated,  in  which,  after  having 
beeil  combined  with  one  body,  it  is  transferred  from  it  to 
another.  ^ 

Such  is  the'  operation  of  De0agration4  Whm  an  in- 
flaj!bmable  substance  is  mixed  with  nitres  on  kindling  the 
mixture,  a  rery  rapid  combnstion,  attended  with^  the  dis- 
engagement of  much  heat  and  jight,  takes  place,  and  this 
independent  of  any  action  of  the  air.  The  theory  of  the 
operation  is,  that  in  nitre  a  large  quantity  of  oxygen  eidsts 
in  a  concrete  form,  this  salt  consisting  of  nttric  acid  and 
potash)  and  this  aeid  being  composed  of  oxygen  and  ni- 
trogen*  These  elements  are  not  retained  m  union  by  a 
strong  attra^on ;  hence,  when,  exposed  to  heat  they  sepa* 
rate,  and,  in  deflagration,  the  oxygen  being  presented  to 
the  inflammable  substanc^  combines  with  it  rapidly,  and 
causes  it  to  burn.  The  nitrogen  gas  assumes  the  elastic 
form,  mixed  frecpiently  with  an  aerifohn  product  from  the 
combustion.  There  is  some  difficulty  in  accounting  for 
the  high  temperature  prpdufbed  by  deflagration^  Oxygen 
existing  in  the  elastic  .form  probably  has  a  large  €^aci{ty 
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fiMr  calorici*  and  fnfEeting  a  diminntion  of  capacity'  in  the 
combinations  into  which  it  enters,  the  temperature  mast 
be  elevated.     But  existiifg  in  nitre  in  a  concrete  state,  it 
IS  not  to  be  presumed  that  its  capacity  will  be  equally 
great     In  passing  therefore  into  a  new  state  of  comlnna- 
tion,  there  cannot  be  a  diminution  of  capacity  to  the  same 
extent,  and  hence  there  mnst  be  less  caloric  evolved.    In 
some  cases  evtn  of  deflagration,  the  cotnpound  which  the 
oxygen  forms  with  the  combustible  body  exists  in  the 
aeriform  state ;  and  reasoi^ing  from  analogy,  it  must  re- 
quire more  caloric  to  produce  in  it  a  given  temperature 
than  the  nitre  itself.    This  difficulty  perhaps'  is  not  easily 
entirely  removed.   It  may  be  remarked,  however,  what  so 
far  lessens  it,  that  a  less  quantity  of  heat,  it  has  been  ex-' 
perimentally  proved,  is  evolved  from  the  consumption  of  a 
^ven  quantity  of  oxygen  by  deflagration,  than  irom  the 
oHisumption  of  the  same  quantity  by  combustion,    tt  is 
also  to  be  observed,  that  when  oxygen  combines  with  ni- 
trogen, to  form  nitric  acid,  little  caloric  is  set  free ;  and 
again,  when  thk  acid  combines  with  potash  to  form  nitre, 
there  is  little  disengagement  of  heat.    We  thus  trace  the 
caloric  in  oxygen  gas  into  the  solid  salt,  and  hence  may 
expect  it  to' be  evolved,  when  the  oxygen  Ss  transferred  to 
an  inflammable  substance.    The  only  difficulty  is,  whether 
the  large  quantity  of  caloric,  which  would  thus  appear  to 
be  contained  in  nitre,  exists  in  it  from  its  actual  capacity; 
and  with  regard  to  this,  we  have  as  yet  no  experiments 
.that  can  be  considered  as  decisive. 

The  origin  of  the  light  in  deflagration,  must  he  the 
same  as  that  in  combustion. 

f    From  the  sudden  and  rapid  extrication  of  aeriform  mat- 
iCTi  wfaii^  attends  deflagration)  a  high  elai^tic  power  13  es- 
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«rled»  which  is  ftrther  increased  by  the  hig^  temperatuie. 
This  is  greatest  wheo^  with  the  gaseous  matter,  from  the 
decomposiUon  of  the  acid  of  the  nitrey  there  h  an  aerifonm 
PFpdact  firom  the  combination  of  the  oxygen  with  the  in^ 
flaminable.  This  happens  in  the  dei^gration  of  charcoal 
and  of  sulphar,  and  to  this  tbe  expansive  power  of  gun« 
powder,  which  consists  of  these  ingredients  mixed  with  ni« 
tr6,  is  owing.  In  some  cases,  the  quantity  of  elastic  pro- 
duct is  so  great,^  and  the  elasticity  of  it  so  much  augment- 
ed.by  the  caloric  suddenly  disengaged,  that  the  mere  re^ 
distance  of  the  atmosphere  gives  rise  to  a  loud  nojse.  This 
forms  what  U  named  Deton0tii9n.  ,1^  is  not  pnly  pi;oduced 
by  beat,  but,  with  regard  to  sonie  substances,  by  fri/ctioi), 
or  peircusa^on. 

The  last  general  c^se  of  the  combinations  of  oxygen  to 
be  noticed,  is  that  where  it  is  tran^erred  from  one  body  to 
another,  without  facing  ao^mpaoied  by  combustion*  Thus 
the  acids  contain  ojiygexi*.  In  acting  on  an  inflammable  sub- 
stance  or  a  metaV  they  o&^  yield  this. oxygen.  Water, 
which  is  a  compound  of  oxyg^,  sometimes  affords  it  to 
other,  bodies ;  and  the  presence  of  an  acid  often  £^vours 
this^  or  causes  the  water  to  be  more  rapidly  decomposed. 
In.  all  these  cases,  there  is  no  great  elevfttion  of  tempera- 
ture, partly  because  the  oxygen  existing  in  these  com- 
pounds has  been  depriyed-of  the  caloric  peciiliar  to  it  in 
tibe  aerial  form,  and  partly  as  the^  substance  evolved  from 
the  decomposition  of  the  acid  or  the  water>  and  which  is 
usually  gaseous,  absorbs  much  of  what  would  otherwise  be 
rendj^ed  sensible.  -  Neither  is  tha*e  in  general  any  evolu- 
tion of  light :  if  evolved  it  is  either  not  sensible  from  the 
slowness  of  the  (NTocess,  or  it  passes  into  combination  with 
the  base  with  which  the  oxygen  had  been  combing 


StO  OF  THE  CUEBCTOAL  AGENCY 

The  cmobinatmi  of  axygm  with  a  body,  whatever  nmf 
te  the  fhenom^kSL  attending  it,  is  named  in  g^ieral  Oxi- 
dation or  Oxygenation,  or  aceonding  to  Ae  nomenobitqic 
proposed  by  Mr  GlieBevix,  QxidiaMHiait  or  Oxygeaiee* 
ment.  -  The  result  of  it  is,  the  £>rinatio0  of  compoands 
whidi  possess  some  common  properUeSj,  and  agree  to  a  ceT'- 
taln  extent  in  the  chemical  agencies  they  exert*  H^ce 
they  admit  of  jBome  general  observations. 

Of  these  coinpounds  some  have  a  sour  taste,  redden  th^ 
regeHifkie  colours,  and  combine  with  the  alkalis,  so  as  to 
neutralize  the  alkidine  properties.  A  substance  possessed 
of  these  powers  is  named*  in  chemical  language  an  Acid, 
There  are  a  number  of  Acids,- and  Uiese  in^gencaral,  so  far 
as  they  have  been  analysed,  contain  oxygen.  Hence  this 
element  is  consid^ed  as  the  prindple  of  addity^  from  which 
indeed  its  name  is  derived* 

Acidt^,  however,  is  not  the  invariable  result  of  the  eom- 
faonation  of  oxygen.  Its  compounds  are  often  destitute  oS 
0Xty  add  property.  It  is  convenient  to  have  a  term  to  de- 
note this  class,  and  in  the  modern  nomenclature^^  wre 
denominated  Oxides. 

Oxides  and  Acids,  th^,  are  two  orders,  comprizing  ail 
the  <ompounds  of  oxygen.  Adds  are  distinguished  by  the 
possession  of  certain  common  propefrties.  Oxides  have 
scarcely  any  common  qualities  by  which  they  are  distill- 
guishod ;  the  distinction  beii^  rather  negative,  or  denot- 
ing that  Uie  compound  has  no  acid  power.  The  alkaKs  and 
earths  having  been  discovered  to  be  compounds  of  oxygen, 
are  to  be  regarded  as  oxides,  and  the  most  distinguishing 
ptbpeny  common  to  ikem^  and  likewise  to  all  the  metal- 
lic otfides,'is  tliai  of  netrtr^zihg  the  propefrties  of  acids. 
But  tliere  are  iikewiio^xi^  to  which  this  property' does 
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not  belong.  The  word  oxidation  or  oxidkement  i^  used, 
in  strict  propriety^  to  denotp  that  combination  of  oxygen 
where  the  resulting  compound  is  not  an  acid,t.but  an  oxide. 
Oxygenation  or  oxygenizement  is  a  more  general  term>  ex« 
pressing  eve'ry  conibination  of  oxygen. 

Many  substances  are  capable  only  of  oxidation.  Thus  the 
greater  number  of  the  metals  in  combining  with  oxygen 
form  oxides  i  nor,  with  one  or  two  exceptions,  can  they 
be  made  to  i»cquire  ady  acid  property.  Hjrdrogen  unites 
with  oixygen  oidy  in  (XOfi  jurop^rtioD,  and  forms  water, 
which  is  not  add. 

.  There  are  other  inflammable  substances,  tigain,  which,  in 
combining  with  oxygen,  form  in  one  proportion  aii  oitide^ 
Old  in  another  an  acid.  In  general,  the  first  d^de  of  oxy- 
genation forma  an  oxide*  and  tlui,  with  a  larger  proportion 
of  oxygen,  forms  an  add*  There  are  some,  however,  which 
appear  to  form  acids  even  in  the  first  stage  of  oxygeha« 
tion  $  at  kosfr  tibeir  existence  in  the-slate  of  oxidte  is  do^bt- 
foL  But,  in  all  those  ^ubstaoioes  which,  by  tombini^  wilt& 
<aygen  in  diffemit  iiroportions j  pmfduee  both  oxidbs  aiid 
adds,  the  oxide  is  invaxiably  the  product  of  the  ^fii^st  pro- 
fiovtion,  iudd  the  add  results  fi:'Mi  the  addition  of  a  iargel* 
profKxrtion  of  oizygen.  in  some  cases,  tbe  same  substalice 
too  is  soscep^iUe  of  different  d^rees  of  oxygenation,  so  as  to 
fcrm  two  acids  different  in  their  properties  from  each  others  , 
dne  one,  from  the  larger  proportion '  of  oxygen>  being  usu^ 
•ally  the  most  energetic  in  its  action. 
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BOOK  II. 

»       I 

V  • 

OF  WATER  AND  ITS  BASE. 

If  any  ponderable  substance  can^  from  general  reasotdn^ 
with  regard  to  its  powers»  be  considered  as  an  dement,  wa* 
ler  mighty  from  the  large  quantity  in  which  it  exists  in  aa« 
ture,  and  from  the  extent  of  its  agency,  claim  this  distinc- 
tiom  In  nearly  every  system,  both  of  ancient  ai^d  mf>- 
dern  philosophy,  the  elementary  nature  of  water  has  ac- 
cordingly be^i  admitted  as  a  leadipg  principle' 

The  more  rigorous  researches  of  Modern  Chemirtry^ 
however,  establish  its  composition;  It  was  observed,  that 
in  the  combustion  of  a  peculiar  species  of  inflammable  dasr 
tic  fluid,  water  is  the  only  sensible  product ;  fmd  that  the 
quantity  of  it  wbiph  appears  is  equal  to  the  quantity  of  this 
inflammable  gas  and  of  the  oxygen  gas  which  are  consum* 
ed  in  the  combustion.  And  again,N  when  substances  hav- 
ing a  strong  attraction-  to  oxygen  are  made  to  operate  on 
water,  they  are  found  to  have  received  this  principle;  a 
portion  of  the  water  disappears,  and  the  inflammable  gas  is 
produced.  It  follows,  from  these  facts,  that  water  is  acom*^ 
pound  of  these  two  gases,  and  though  some  doubts  have 
been  suggested  with  regard  to  this  conclusion,  it  has  aQ 
the  support  which  the  evidence  of  chemical  induction  can 
give.  The  inflammable  gas  is  named  Hydrogen,  and  its 
history  precedes  that  of  water.      » 
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CHAP.  I. 


OF  HTDBOGEN. 


Hydrogen,  the  inflaniinable  base  of  ^water^  exists  when 
uncombined  in  the  aerial  form.  Being  disengaged  in  va- 
rious common  chemical  processes^  and  from  its  property  of 
inflammability  being  more  easily  recognised  than  the  other 
elastic  fluids,  itwasknown^  diough  imperfectly,  to  the  old- 
er chemists.  Cavendish  first  dearly  demonstrated  its  dis- 
tinct existence  and  characteristic  qualities,  under  the  name 
of  Inflammable  Air.  It  received  the  denomination  of  Hy- 
drogen from  being  regarded  as  the  base  of  water. 

It  is  always  obtained  from  water,  subjected  to  the  action 
ef  substances  which  attract  oxygen.     Thus,  if  watery  va- 
pour be  passed  over  iron  at  a  red  Heat,  hydrogen  gas  is 
pvocured,  and  the  iron  is  oxidated.      If  the  resulting  afii- 
Aity  of  an  acid  be  introduced,  its  production  is  more  ra- 
p\Af  and  takes  place  at  a  natural  temperature.     This  is  the 
precess,  therefore,  generally  f9llowed.   One  part  of  iron  or 
zinc  In  fragments,  is  put  into  a  t)ottle  with  a  bent  tube 
adapted  to  it,  and  two  parts  of  sulphuric  acid,  diluted  with 
live  times  is  weight  of  water,  are  poured  upon  it;  hydro- 
gen gas  is  rapidly  disengaged.     The  ajgency  of  the  acid  in 
promoting  the  decomposition  is  obscute,,but,  so  fsiv  as  any 
explanation  can  be  given,  it  m^y  be  classed  as  an  example 
of  what  BerthoUet  names  Resulting  Afiinity ;  the  acid,  the' 
in^al,  Md  the  oxygen  of  the  water,  exerting  mutual  forces 
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of  attraction,  whence  they  combine,  while  the  bydrogett> 
separated  from  it&  combinatioa  with  the  oxj^en,  assumes 
the  elastic  form.  , 

Hydrogen  gas  is  the  lightest  of  the  elastic  flaidis,  and 
the  lightest  substance .  therefore  whose  gravity  we  can  as- 
certain. When  collected  over  water,  it  is  about  10  times 
lighter  than  atmospheric  air.  When  freed  as  much  as 
possible  from  the  vapour  it  holds  dissolved,  it  is  nearly  IS- 
times  lighter,  or  th^  specific  gravity  of  atmospheric  air  be^ 
ing  1000,  that  of  pure  hydrogen  is  0073.  The  weight  of 
100  cubic  inches'is  2.230  grains.  It  is  from  this  levity  that 
it  is  employed  in  the  construction  of  balloons.  When  free 
from  water  it  is  inodorous,  but  when  humid  it  has  a  i^ght 
smell. 

Inflammability  is  the  property  which,  next  to  its  great 
rarity,  eminently  distinguishes  hydrogen.  It  kindles  on 
the  approach  of  an  ignited  body  when  in  contact  with  the 
air:  if  previously  mixed  with  twice « its  volume  of  atmos* 
pheric  air,  it  explodes  when  kindled  j  with  oxygen  gjas  it$ 
explosion  is  still  more,  violent.  The  state  of  dilatation  a£> 
fects  the  facility  with  which  it  is  kindled,  and  if  its  mixture 
with  atmospheric  air  be  under  a  pressure  four  times  less 
than  that  of  the  atmosphere,  it  does  not  inflame,  either 
from  the  contact  of  an  ignited  body,  or  the  electric  spark. 

From  this  inflamniability  hydrogen  gas  has  been  apf^ed 
to  the  purpose  of  eudiometry,  a  givea  volume  pf  it  being 
introduced  into  the  tube.  Fig.  22.  with  a  measured  quaii- 
tity  of  the  air  submitted  to  trial,  and  the  mixture  being  inr 
flamed  by  the  electric  spark.  The  diminution  of  volttme 
indicates  the  quantity  of  oxygen  that  bad  been  contained 
in  the  air,  100  measures  of  oxygen  conlbiding  with  200 
measures  of  hydrogen :  the  third  pavt  of  the  diminutioa  of 
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\roIume  gires  dierefore  the  quantttr  of  oxygm  by  vohime. 
The  proportion  of  hydrogen  employed,  ought  to  be  aliyays 
a  little  greater  than  what  may  be  necefisary  to  saturate  the 
qiiantity  of  oxygen  in  the  air  dobmitted  to  trial ;  as  thus 
l^e  errdr  of  any  part  of  the  oxygen  escaping  combinatiott 
is  moi^  efitctually  guarded  against.  In  analyzing  atmos- 
pheric air,  200  measures  may  be  mi:s:ed  with  50  of  hydro- 
gen ;  the  total  diminution  will  be  63  by  volume*  and  the 
third  of  thi^  gives  the  pi^oportion  of  oxygen  at  21.  This 
method  has  the  advantage  of  great  delicacy,  from  the  very 
conisiderable  reduction  of  volume  :  it  appears  also  to  be  sui^ 
ficiently  accurate;  it  requires  no  corrections  for  vanations 
of  atmospheric  pressure  or  temperature*,  and  others  are 
preferred  to  it  only  as  being' rather  less  difficult  in  the.exe* 
cution. 

.  Hydrogen  gas  proves  fatal  to  animal  4ife  when  respired, 
apparently,  however,  not  by  any  positively  defeterious  . 
power,  but  merely  by  excluding  oxygen  ;  hence  it  can  be 
breathed  for  a  few  inspirations ;  and  when  diluted  with  a 
portion  of  atmospheric  air,  can  be  breathed  tonger  with 
safety*  It  does  not,  like  some  of  the  other  elastic  fluids, 
prove  noxious  to  vegetable  life ;  some  plants  even  absorb 
it ;  and  there  are  observations  which  appear  to  prove,  that 
it  can,  to  a  certain  extent,  supply  the  place  of  light  in  siip- 
por);mg  vegetation. 

Hydrogen  gas  is  not  sensibly  absorbed  by  wate»,  at  least 
unless  the  wat^r  has  been  previously  freed  from  the  'atmos- 
pheric air  it  holds  dissolved ;  100  cubic  inches'of  it  then 
take  up,  according  to  Henry's  experimentsi  1.5  of  the  gas; 
by  apply mg  strong  pressure,  the  water  may  be  made  to 
absorb  one-third  of  its  volume. 

Hydrogen  enters  into  chemical  combinations  with  in- 
flammable substancesi  sulphur,  phosphorus  and  carbon; 
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it  also  combines  with  some  of  the  metals. .  With  oxygen 
it  forms  water,  with  nitrogen  ammonia  ;  and  it  is  an  abon- 
dant  ingredient  in  the  vegetable  and  animal  products.  It 
is  disengaged  bj  some  natnrai  processes,  though  not  pare. 
Thus>  holding  carbon  dissolved*  &  rises  sometimes  from 
stagnant  water  in  which  v^etable  matter  is  diffused ;  and 
in  a  similar  state  of  compositicm  it  is  cdlected  in  mines^ 
forming  what  has  be^i  named  Fire  Damp. 

The  recent  discoveries  in  chemistry  suggested  some* 
qpeculations  with  r^ard  to  the  nature  of  hydrogen.  Quick- 
^silver  when  submitted  to  galvanic  action  in  contact  with 
ammonia,  sufiers  changes  analogous  to  what  it  would  suffer 
from  the  addition  of  metallic  matter.  As  ammonia  is  a 
cmnpound  of  hydrogen  and  niirc^en,  the  ooncludon  was 
adopted  that  it  is  decomposed  in  this  experiment,  and  diat 
the  metallic  matter  supposed  to  be  communicated  to  the 
quicksilver  must  be  derived  from  its  ek^ents  hydrogen  or 
nitrogen.  The  former  being  inflammable,  may  be  suppoih 
ed,  with  more  probability,  to  be  allied  to  metals,  and  the 
results  therefore  were  supposed  to  afford  some  ground  for 
the  conclusion,  either  that  its  gravitating  matter  is  metallic, 
in  other  words,  that  hydrogen  is  a  metal  in  the  gaseous 
form,  or  that  it  is  a  metal  in  some  state  of  combination,  p^- 
,Jhaps  in  an  oxidated  form.  Subsequent  researches,  how* 
ever,  have  added  no  confirmation  to  this  conjecture)  and 
even  le^d  to  a  different  view,  as  is  afterwards  to  be  stated, 
.of  the  nature  of  the  change  which  the  quicksilver  suffers 
in  the  above  experiment.  It  is  only  on  hj'poth^ical  and 
vague  speculations  that  the  farth^  conjecture  has  been  ad- 
,vanced,  that  hydrogen  may  bq  the  common  principle  of  in- 
flammability, and  as  such  opposed  in  its  chemical  relati(xris> 
to  oxygen. 
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OF  WATER. 


.  I  HB  eompobition  of  water  hm  beea  inferred  toth  (ram 
4i»alytts  and  ayntltoi^*    When  hydrogen  gas  ia  bur^t,  an 
operation  in  wUch^  oxygen  k  cefmlnn^  with  it,  water  is 
the  only  sensible  product ;  and  wh«i  water  is  acted  oil  hy 
^MtbsCaaceB  capable  of  attractii^  oxygen^tS^eseare  o:fiidat- 
.edf^the  wat^  daappears^  aid  hydrogeh  is  eTohed.   From 
^    ^ese  £BCt8»  the  coBcIiisioR  was  drawn  nearly  ict  the  same 
period  by-  Cavendkh  and  Watt,  thal^  water  is  a  compound 
•of  I^rogen  and  dacygen ;  and  the  eKj^eriment,  of  fbrmiiig 
jwater  by  bunoing  hydrogen  gas,  was  exeonted  by  the  for- 
mer philosopher  on  a  considenMe  scale.      It  has  since 
«heea  oftai  rcfpeated  with  'eTory^iattentibh  as  to-  the  pto» 
portions  and  the  acoui^y  of  the  resnks. 

This  was  necessary,  not  cmly  fr6m  the  im^rtance  of  the 
4}ue9tion  in  its  reiatiomito  diemical theory,  but  also  as  some 
.circumstances  eoanected  with  the  experiment  required  to 
he  elucidatedv.  Jnrpartieykr,  it  wa»  dbserved,  that  an  acid 
is  frequently  forriaed  v^ith. the: watei^^ rand  some  weire  dis- 
.posed  to  conclude^-  that  this  is  the  real  product^  and  thai; 
the  water  is  imly  adventitious,  b^ikig  the  moisture  d^posk- 
«d,  uritidi  had  been  held  dissolved  by  the  gases.  Mo^e 
minute  elauniluKtioQ,  however,  discovered  the  origin  of 
.this add.    Itwas  fouml  to  be  generally  the  nitric:  thls^ 
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acid  is  a  compound  of  oxygen  and  nitrogeni  and  had  there* 
fore  been  formed  from,  nitrogen  which  had  been  mixed 
with  the  gases,  and  from  which  indeed  it  is  difficult  to  pro- 
cure  them  entirely  free.  Sometimes  the  acid  appeared  to  be 
the  qarbonic,  and  diis  had  obvlou^y  been*  derived  from^a 
small  portion  of  carbon  held  dissolved  by  the  hydrogen^ 
derived  from  the  materials  from  which  it  had  been  obtain* 
ed.  When  these  sources  of  fallacy  are  guarded  against, 
the  water  formed  in  the  combustion  is  perfectly  pure,  and 
diewdgbt  of  it  atnd&ttls  exactly  to  the  weight  of  the  by* 
drpgen  and  oxygen*  gase$  consumed.  This  ha^  bec^n  esta^ 
'  blisbed  by  repeated  experiments,  made  on  a  hrge  scal^ 
and:with  the  greatest  core.. 

The  oompositfton  of  water  has  also  been  establi^d  by 
analytic  experiments^  When  •tran8mit1;ed  over  iron'M  a 
red  heat,  the  irondsiasridated^  and^HydrogeU'gaEs  is  diseb- 
gaged.  And  it  basrfardieii  fae^i  {»rov«^,  diat  the  quantity 
of  hydrog^^  added  to  t!he  increase 'pf  weight  which  the 
iron  gains;  by  its  osidatron,  corresponds  with  t&e<}uanti^ 
of  water  which  d&appdkrs.  < 

The  action  of  electricity  affords  aniode  of  reaoking  w^ 
ter  into  its  constituent  gases,  and  :o£oombitiing  these  again 
so  as  to  reprodace  it,  which  is  very  conclusive  in  establish- 
ing its  coinpositjon^  Wfasen  an  iiltevhipted  electrical  dis-^ 
diacge  }s  transmitted  by  wires,  placed'  at  a  short  distance* 
thiomgh  a  column  of  water,  there  is  a 'production  of  aeri- 
jbiin  fluid ;  and  wheui  from  repeated /'discharges  <^is  has  ac-* 
cumhlated  in:sii£$ciait  qifastity  to  be  ei^^^ined,  it  Is  fotmfl 
to  consist  of  oxygen  and'  hydrogen  gadbs :  .beiice,  Wheti  the 
'electric  spark  is  tafcen  in  it,  it  disappears  With  inflamma- 
'tion;  the  two  gasea  being  combii^ed^'  and  water  formed. 
The  experiment,  as  a  proof  of  tl^e  coHnpo^tion  ^  watar^ 
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is  ap  far  satislactory,  as  the  results  are  obtained' without 
the  intervention  of  any  other  ponderable  matter. 

The  action  of  electricity,  in  the  form  of.  galvanism^  af- 
fords similar  results^  connected  also  h(/wever  with  peculiar 
phenomena^  which  require  to  be  stated  more  .particularly^ 
as  it  is  from  them  that  doubts  haye  been  su^ested,  whe- 
ther the  theozy  with  regard  to  the  composition  of  water  is 

just.  .    .     ,  ;  '  » 

If  in  a  quantity  of  water  in  a  ^ass  tube  a  platina  wire 
connected  widi  the  positive  side  of  a  galv^^ic  battery,  and 

another  similar  wire  &o»  the  »e^tive  side  be  inserted,  «ti 
bringing  the  extremities  of.  the  wires  to  the  ^stance  of  ». 
bout  half  an  inch  from  each' other,  a  stream  of  gas  arises 
from  each,  and  this  continues  while  the  galvanic  action  is 
](^t  up,  until,  by  the  accumulation  of  elastic  fluids  the 
water  is  depressed  beneath  the  esctremity  of  the  upper  wire. 
This  aeri^  fluid  is  found  to  be  &  mipctjure  of  Qxygen  and 
hydrogen,  in  the  proportions  which  form  water,  and  hy 
transmitting  the  electric  spark  through  it,  it  is  again  con^ 
verted  into  water. 

In  this  experiment  a  phenomenon  occurs  which  appears 
at  first  view  singular.  .  If  the  evolution  of  elastic  fluid  a- 
rise  from  the  decomposition  of  water,  It  might  be  expected 
that  the  elements  must  be  evolved  together,  and  that  of 
course  d  stream  of  oxygen  and  of  hydrogen  gases  shall  a- 
.tke  from  each  wire.  On  makiilg  the  experiment,  however, 
so  that  the  gas  from  the  wires  shall  be  obtained  separate, 
n&h  done  by  inserting  each  in  a  separate  tube$  either  plac- 
ed in  the  same  vessel  of  water,  or  connected  by  a  humid  con- 
ductor or  by  the  interposition  of  certain  liquids,  it  is  found, 
'  that  the  gas  from  the  one  wire,  that  connected  with  the 
positive  side  of  the  galvanic  battery,  is  oxygen,  that  from 
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the  other  or  negative  side  is  hydrogen,  and  each  is  per- 
fectly pure,  if  care  has  been  taken  to  free  the  water  from 
the  atmosphoric  air  it  holds  dissolved.  The  elements  of 
the  water  are  evolved  therefore  at  separate,  and  even  at 
distant  points;  and  if  this  arise  from  its  decomposition,  the 
question  that  obviously  presents  itself  is,  what  becomes  of 
the  oxygen  at  the  wire  where  the  hydrogen  is  evolved,  and 
what  becomes  of  the  hydrogen  where  the  oxygen  is  given 
out? 

To  solve  this  question,  various  hypotheses  jfere  pro- 
posed: it  was  soon  established,  howeyer,  that  the  pheno- 
menon is  not  peculiar  to  water,  but  is  merely  a  case  of  the 
general  law,  (already  illustrated  page  229),  established  by 
the  researches  of  Berzelius  and  Hisinger,  with  regard  to 
the  decomposition  of  all  chemical  compounds,  and  illnstra* 
ted  by  Grotthius  particularly  with  regard  to  water,— that 
when  compounds  are  submitted  to  the  action  of  galvanic 
electricity,  their  elements  separate,  some  having  such  a  re* 
lation  to  the  electric  stages  as  to  be  collected  around  the 
positive  pole,  others  being  collected  around  tlAe  negative 
pole;  oxygen  and  acids  belonging  to  the  former  class,  hy-^ 
drogen,  and  in  general  inflammable  substances^  as  well  as 
alkalis  and  earths^  belonging  to  the  latter.  When  water, 
therefore,  is  submitted  to  the  action  of  galvanic  electrBcity, 
it  suffers  decomposition,  its  oxygen  is  attracted  to  the  posi- 
tive wire,  and  if  this  is  a  metal  not  susceptible  of  oxidation, 
it  there  assumes  the  elastic  form  ;  its  hydrogen  is  at  the- 
same  time  attracted  to  the  negative  wire,  and  as  it  caa 
neither  penetrate  nor  combine  with  the  metal,  it  also  as- 
sumes the  elastic  state.  The  mode  of  decomposition  is  not 
apparent,  but  it  may  arise,  as  has  been  already  remarked,' 
from  the  electric  states  being  CQmmunicated  to  the  elenpients 
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of  the  water,  and  the  atti^actions  exerted  in  consequence  of 
this  at  each  pole  overcoming  their  mutual  chemical  attrac- 
tion,  whence  will  arise  their  separation  and  their  tranter 
^  to  the  respective  poles,  the  element  which  becomes  nega- 
tive passing  to  the  positive  side,  and  that  which  becomes 
positive  passing  to  the  negative  side.  In  this  case  the  mid- 
dle particle  of  water  between  the  two  wires  may  be  that 
which  is  decomposed,  or  a  particle  at  each  extremity  m^y 
sufier  decomposition,  and  either  a  series  of  successive  de- 
compositions and  recompositions  maybe  established  through 
the  whole  interposed  fluid,  or  the  element  not  evolved  at 
each  wire  may  move,  bji  the  attractive  and  repulsive  powers 
operating  i^pon  it,  to  the  opposite  side. 

At  one  tinje  a  different  view  of  this  subject  was  propos- 
ed.  Water,  it  was  remarked,  may  not  be  a  compound,  but  a 
simple  body,  assuming  the  forms  of  oxygen  and  o^hydrogen 
according  to  its  electrical  states.  When  rendered  positive- 
ly electrical,  it  will  form  hydrogen  gas  \  when  in  the  oppo- 
site or  negative  state,  it  will  constitute  oxygen  ;  and  when 
brought  within  the  sphere  of  action  in  these  forms,  thq  two 
electrical  states  will  be  subverted,  the  equilibrium  establish- 
ed^ and  water  will  be  reproduced.  The  possibility  of  such 
an  hypothesis  may  be  maintained,  but  it  has  nothing  pe« 
culiar  for  its  support.  Were  water  the  only  substance  jsuf- 
iering  such  changes  when  submitted  to  galvanic  action,  this 
would  afford  some  grounds  for  such  a  conclusion  ;  but  all 
cmnpound  substances  suffer  changes  equally  important ; 
diey  appear  under  the  form  of  new  substances,  or  are  con- 
verted into  what  we  regard  as  their  constituent  principles^ 
To  consider  these  principles  as  the  compound  in  different 
electrical  states,  would  be  an  extension  of  the  theory  extra- 
vftgaiit  and  absurd,  yet  there  is  no  reason  why  it  should  be 
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limited  to  water,  since  there  is  iiothing  peculiar  in  its  ap* 
parent  production  or  decomposition.  And  the  result  of  an 
experiment  which  was  at  one  time  stated  by  Ritter  in  sup- 
port of  it,  that  of  oxygen  and  hydrogen  being  separately 
evolved  from  the  galvanic  wires,  when  they  are  placed  even 
in  separate  portions  of  water,  connected  only  by  a  sub- 
stance capable  of  conducting  electricity,  as  Sulphuric  acid 
or  a  metallic  wire,  is  a  mere  deceptive  appearance,  the  con- 
nect'ing  matter  becoming  at  its  two  extreme  surfaces,  in  con- 
tact with  each  portion  pf  water,  electrical  by  induction,  and 
these  giving  out  the  o^cygen  and  hydrogen  corresponding 
to  the  portions  evolved  at  the  galvanic  wires, 

» 

It  was  at  one  time  supposed,  that  in  the  decomposition 
of  water  by  galvanism,  there  is  a  formation  of  new  pro- 
ducts :  a  portion  of  acid  frequently  was  observed  to  be 
formed  at  the  positive  wire,  and  of  alkali  at  the  negative 
wire.  The  origin  of  these  was  traced  by  Mr  Davy.  They 
are  in  general  derived  from  the  small  portion  of  saline  mat- 
ter which  water  holds  dissolved,  and  from  which  it  is  not 
even  perfectly  freed  by  one  distillation,  the  acid  of  this  be- 
ing attracted  to  the  one  wire,  the  base  to  the  other  ^  and 
as  these  attractive  powers  are  so  strong,  the  most  minute 
quantities  are  rendered  sensible.  From  the  same  circum- 
stance, even  the  containing  vessel  is  sometimes  acted  on  ; 
and  the  atmospheric  air  held  dissolved  by  water  has  some 
influence^  its  nitrogen,  by  combining  with  the  nascent  oxy- 
gen at  the  positive  pole,  forming  nitric  acid,  and  combin- 
ing in  like  manner  with  the  nascent  hydrogen  at  the  nega- 
tive pole,  and  forming  ammonia.  But  when  these  sources 
of  fallacy  are  avoided,  the  water  remains  pure  to  the  end 
of  the  experiment,  and  is  resolved  into  oxygen  and  hydro- 
gen alone. 
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There  is  some  difficulty  in  a^gigriing  th^  precise  propor- 
tions of  the  elemeriti^  erf"  water.  They  have  usually  be^n 
stated  in  ;routid  numb^r^  at  S5  parts  by  weight  of  o:&yg0|i» 
and  15  parts  of  hydrogeri.  Experimei)l§j  hpwever,  by  dif- 
ferent chemists  have  given  other  proportions,  from  13  pf 
hydrogen  to  15.7.  It  appears  also  from  the  pbservatioiis 
of  Gay-LdissaC' and  Humboldt,*  that  in  fixing  theprppor- 
tioQs  by  weighty  the  due  allowance  has  not  bee^  ^a4eHfor 
the  portions  of  hygrometric  water  which  the  Kespectiye 
gases  bbld  in  solution  previous  to  combination,  and  with 
this  correction  they  sjiew  ihat  the  proportions^  from  the 
mo^t  accurate  experiment,  are  87.4  of  oxygen,  and  12.6  of 
hydrogen.  The  pro{>ortion:s  of  the  two  gases  by  yolu|:$e 
appear  to  be  100  of  oxygen,  and  200  of  hydrogen,  whjqh 
are  conformable  to  the  law  that  gases  combine  in  very  sim- 
ple proportions,  estim?kted  by  voli^me. 

Water,  asi  a  chepiical  age^nt^  has  qualities  extremely  pe-^ 
culiar.^  It  affords  the  example  of  am  intlaipmable  base  sa- 
turated with  oxygeQ,  forming  a  product  which  has  no  aci- 
dity. Besides  this,  though  it&  affinities  are  extremely  nu- 
merous, they  are  seldom  energetic  ;  and  hence  in  geperal  ^ 
it  combines  with  bodies,  without  materially  changing  the^r 
<^ualities|  and  by  commuiiicating  fluidity  to  solids,  witbpQt 
modifying  .much  their  chemical  relations,  favours  their  mu« 
tual  actions.  From  recent  researches,  however,  it  appears 
in  some  cases  to  exert  more  important  chemical  powers. . 

It  is  tasteless,  colourless,  and  inodorous.  It  passes  to 
the  solid  state  at  32°  of  F^renheity  and  in  doing  i^  crys- 
tallizes, spicules  shooting  out  at  a  certain  angle,  and  of  a 
prisnmtic  form :  by  the  continuance  of  the  congelation^  .tSue  * 
vacuities  are  filleid  up,  but  the  mass  remains  transparent, 
wd  is  hard  and  brittle.     In  congeaUngi  there  i^^  asr  has 
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been  already  stated,  an  enlargement  of  Toluifie,  and  this 
expansion  even  takes  place  previous  to  the  congelation^ 
during  ibe  reduction  of  temperature,  for  six  or  eight  de* 
grees,  the  greatest  density  of  water  being  about  40**.  In 
the  act  of  freezing,  too,  the  greater  part  of  the  air  which 
the  water  holds  loosely  dissolved  is  expelled. 

Water  passes  into  vap6ur  when  exposed  to  the  atmos- 
phere at  any  natural  temperature,  and  even  ice  evaporates^ 
as  is  proved  by  its  losing  weight  when  suspended  in  the 
air.  The  transition  into  vapour  is  promoted  by  heat ;  at 
212%  under  a  medium  atmospheric  pressure,  water  boils. 
Its  vapour  at  this  tem{}erature  is  permanent,  transparent, 
and  invisible  ;  when  condensing,  it  becomes,  fiom  the  ap- 
proximation of  the  particles,  opaque.  It  o<;cupie8  1800 
times  the  space  which  it  fills  when  in  the  state  of  water, 
and  has  a  specific  gravity, to  that  of  atmospheric  air  at  th^ 
same  temperature;  according  to  Trales,  as  0*6896  to 
1.0000,  100  cubic  inches  weigh  21  grains.  It  exerts  a 
great  degree  of  elastic  power,  and  its  elasticity  increases 
in  a  high  ratio  by  elevation  of  temperature. 

Water  absorbs  the  aerial  fluids,  but  in  quantities  very 
diiFerent,  according  to  the  force,  of  attraction  which  it 
-exerts  towards  them.  Of  some  of  the  acid  gases,  it  absorbs 
many  times  its  own  volume^  of  others  the  quantity  is  ^o 
inconsiderable  as  not  to  be  very  perceptible,  unless  ascer- 
tained by  an  apparatus  peculiarly  adapted  to  shew  the  re- 
sult. The  quantities  absorbed  are  greater  as  the  tempera- 
ture is  low,  down  tb  freezing,  when  the  cohesion  of  the  so- 
lid, weakening  the  affinity,  the  aerial  matter  is  expelled. 
They  are  also  augmented  by  pressure  j'and^  according  to 
a  law  stated  by  Dr  Henry,  as  the  result  of  his  researches 
on  this  subject,  "  Water  takes  up  in  all  cases>  under  equal 
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circumstances  of  teAiperaturc!,  the  same  yolame  of  con* 
densed  gaiS)  as  of  gas  under  ordinary  pressure."  To  wfaat^ 
ei^r  degree  of  density,  therefore,^  the  elastic  fl|iidis  brought 
by  pressure,  the  same  volume  of  it  is  still  absorbed  $  and 
bence»  by  increasing  pressure,  aiarge  quantity  of  the  solid 
or  gravitating  matter  of  the  gas  may  be  forced  into  the 
water.  It  is  rsiipgularj  that  water  thus  impregnated  by 
pressure  with  large  quantities  of  the  gases,  which,  under 
the  mere  pressure  of  the  atmosphere  it  al^sorbs  sparingly^ 
does  not  suiFer  much  chtmge  in  itsqualities.  J  00  cubicinches 
q{  water,  previously  freed  from  air  by  boiling,  absorb,  ac- 
cording to  Dr  Henry,  under  a  common  atmospheric  pres- 
sure, ^.^  of  oxygen  gas,  1.5  of  nitrogen. gas,  and  1.5  of 
hydrogen  gas..  According  to  Gay-Lussac  and  Humboldt,, 
the  proportion  of  oxygen  is  coQsiderably  larger,  that  of 
hydrogen  rather  less.  •    - 

This  absorption  of  gases  by  water,  so  far  as  regards 
those  which  require  pressure  to  cause  their  absorption  in 
any  sensible  quantity,  has  been  supposed  by  Mr  Dalton  to 
be  a  mere  mechanical  effect,  the  gas  being  forced  as  it 
Wfire  into  the  interstices  of  the  water  by  the  pressure  ap- 
plied. It  is  rather  to  be  regarded,  however,  as  arising 
primarily  from  the  affinity  exerted  by  the  water  to  the 
particl.es/of  the  aeriform  fluid;  This  is  counteracted  by 
the  elasticity  of  the. gas,  and  not  being  strong  it  cannot 
<^erate  with  much  effect.  Pressure  counteracts  this  elas- 
ticity, hence  lessens  the  resistance,  opposed  to  the  com- 
biniition,  and,  operating  like  reduction  of  temperature, 
causes  a  larger  quantity  to  be  absorbed.  We  accordingly 
find,  that  in  those  cases  where  the  exertion  of  an  affinity 
by  the  water  to  the  gravitating  particles  of  the  gas  is  un* 
doubtedi  fts  in  the  example  of  muriatic  acid  gas,  pressure 
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is  equally  effectual  in  promoting  the  abfiorption :  and  alio- 
what  is  in  cbnformity  to  this  view,  that  even  in  those. gases 
the  absdrptiqp  of  which  is  inconsiderabley  the  quantities 
^Qr^0d  are  different  under  the  samepressure, — a  ditkr- 
rence  which  can  only  be  ascribed  to  the  different  forces  d 
affinity  exerted  to  them  by  the  wator. 

There  are  some  important  fftcts  with  regard  to  the  reh- 
ttons  of  water  to  the  aerial  fluids  in  their  absorption. 
Thus,  from  the  affinities  it  exerts  to  all  of  them,  however 
weak,  if  it  be  agitated  with  a  mixtare  of  two  or  more 
gases,  portions  of  both  will  always  be  absorbed,  the  same 
as  if  they  were  presented  to  it  separately  in  their  proper 
density;  the  quantity  there&re  being  greatest  of  that  whidi 
separately  is  most  largely  absorbed  by  water.  Or,  if  wa- 
ter has  been  previously  impregnated  with  one  gas,  on  s^«' 
tating  it  with  another,  a  portion  of  the  latter  will  be  ab- 
sorbed, and  a  portion  of  the  former  displaced.  Hence,  as 
water  usually  contains  a  portion  of  atmospheric  air,  in  ex- 
posing any  gas  to  an  extensive  sur£u;e  of  it,  and  still  xnpre 
iu  agitating  any  gas  with  it,  whik  a  quantity  of  this  is  ab- 
sorbed, a  portion  of  the  air  the  water  holds  dissolved  will 
be  separated,  and  added  to  the  residual  gas,  whence  fre- 
quently sources  of  error  have  arisen  in  chemical  experi- 
ment ;<  oxygen  gas,  for  example,  if  kept  in  ajar  surrounded 
with  water  exposed  to  the  air,  will  soon  have  an  intermix* 
ture  of  atmospheric  air ;  and  indeed  all  gases  long  exposed 
in  ihis  manner  have  a  similar  intermixture  from  the  water 
yielding  its  air. 

Water  which  has  been  exposed  to  the  atmosphere  al- 
ways contains  portions  of  both  of  its  constituent  gases ; 
but  the  oxygen  is  absorbed  in  preference  to  the  nitnogen^ 
and  in  considerably  larger  quantity:    Hence  by  agitating 


OF  WATER. 


«9T 


atmospheric  air  with  a  large  portion  of  wi^^»  or  pftssiog 
it  rc^atedlj  through  a  column  of  watery  tl^  greater  part 
of  its  oxygen  is  abstracted*  The  presence  of  oitygeti 
loosely  combined  in  water,  is  usually  shewn  by  the  test  of 
sulphate  of  iron  ;  thie  oxide  of  iron  which  is  the  base  of 
this  salt,  attracting  this  portion  of  loose  oxygen,  wfa^ioe 
becoming  insoluble^  it  is  precipitated,  and  forms  a  ydlow 
sediment  :^this  precipitation  se^ns  also,  however,  to  be  in 
part  owing  to  the  decomposititm  of  the  salt  by  the  affinity 
of  the  water  to  its  acid,  aided  by  its  quantity.  The  air  ex^ 
pelled  from  river  wat^  by  boiling  contains,  according^  to 
^ay-Lussac  and t Humboldt,  O.S  19^  of  oxygen;  that  &om 
rain  water  0.310;  that  from  spring  water,  according  to 
Henry,  contains  a  considerable  proportion  of  carbonic 
add. 

The  portion  of  air  held  dissolved  by  water  is  expelled 
with  difficulty.  It  is  in  part  removed  by  removing  the  at* 
mospheric  pressure  by  the  air-pun^),  by  strong  boiling, 
and  by  freezing,  but  part  of  it  is  stil]  retained.  It  is  rar 
ther  singular  too  that  the  nitrogen  appears  to  be  retained 
with  greatest  force,  the  first  portion  of  air  disengaged  oon^ 
taining  more  oxygte  than  the  second ;  or,  if  through  water 
&eed  as  jmuch  as  possible  from  air  by  boiling,  and  by  tiui 
air-pump,  an  electrical  ^scharge  be  transmitted,  a  sm^ 
portion  of  nitrogen  is  disengaged,  alongwith  the  oxygen 
,and  hydrogen  evolved  from  the  decomposition  of  water,  aa 
Dr  Pearson  found  in  his  experiments*  And  in  freezing 
water  which  had  been  previously  freed  as  much  as  possible 
from  air  by  boiliug,  the  air  disengaged  is,  according  to* 
the  experiments  of  Priestley,  nitrogen,  e^jscially  when  the 
freezing  of  the  same  portion  of  water  has  besen  repeatedly 
performed.  Ritter,  on  the  contrary,  inferred  from  some 
experiments,"  that  the  air  disengaged  in  the  freezing  of 
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water  is  oxygen,  evolved  from  decoifaposition,  and  that  ice 
has  therefore  an  excess  of  hydrogen.  According  to  Davy, 
It  is  atniospl\/&ric  air,  and  the  production  of  it  does  not 
take  place  in  the  unlimited  manner  which  had  been  repre* 
sented  by  PrieM^ley,  but  ceases  after  the  freezing  has  been 
repeated  three  or  four  timcsv  Gay-Lussac  and  Humboldt 
found,  that  the  air  disengaged  in  successive  portions  from 
water  by  lioiling  contains  more  oxygen  in  the  latter  portions 
than  in  the  first,  while  in  freezing  the  oxygen  is  rather  re- 
tained, and  the  nitrogen  disei^gaged*  •  Water  melted  fr,om 
snow  with  the  exclusion  of  the  atmosphere,  appears  to  be 
nearly  free  from  air.  Gay-Lussac  and  Humboldt,  however, 
aiHrm,  that  it  contains  nearly  the  usual  proportion  of  air  : 
the  water  from  melted  ice  does  not  contain  so  much.  Raan 
water,  and  especially  dew,  have  been  supposed  to  be  satu* 
rated  with  air. 

Water  is  contained  in  all  the  elastic  iBuids,  derived  ei- 
ther from  the  materials  from  which  they  have  been  extri- 
cated, or  that  through  which  they  have  been  transmitted* 
It  exists  in  them  in  the  state  of  vapour,  probably  weakly* 
combined,  and  is  capable  of  being  condensed,  in  part  at 
least,  by  cold,  and  ofbeing  abstracted  by  substances  exert- 
ing an  attraction  to  it.  This  is  named  Hygrometrrc  Water 
or  Hygrometric  Vapour,  and  its  quantity  is  in  a  great 
measure  dependent  on  the  temperature,  augmenting  how- 
«ver  in  a  much  higher  ratio  as  the  heat  is  raised,  than  the 
arithmetical  progression  of  temperature.  According  to 
Mr  Leslie,  atmospheric  air,  absolirtely  humid,  holds  dis-^ 
solved,  at  the  temperature  of  32°,  the  hundred  and  sixtieth 
part  of  its  weight  of  water;  at  59^,  the  eightieth  part ;  at 
86*^.,  the  fortieth  part  •,  at  1 13^,  the  twentieth,  and  at  140? 
the  tenth  part.  In  the  other  elastic  fluids  the  quantity, 
there  is  every  reason  to  believe,  is  the  same. 
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Besides  this  hygrometric  vapour,  a  portion  of  water  has 
been  supposed  to  exist  in  some  gases  more  intimately  com« 
bined,  not  capable  of  being  abstracted  by  those  methods 
-which  condense  the  other,  and  essential  to  their  constito* 
tion.  '  . 

One  fact  from  which  this  has  been  inferred,  is,  that  in 
cdmpounds  in  which  these  gases  exist  in  a  dry  state,  the 
gas  cannot  be  disengaged  by  heat  unless  water  be  supplied. 
This  is  the  case  with  the  native  carbonate  of  barytes  ^r  of 
lime ;  and  from  the  formei^,  even  the  carbonic  acid  is  very 
imperfectly  disengaged  by  an  acid^  unless  it  be  diluted  with 
watef.  Hence  it  has  been  inferred,  that  water  is  essentia 
to  the  constitution  of  carbonic  acid  gas ;  but  it  is  more  pro- 
bable that  th§  operation  of  the  water  is  not  on  the  gas,  but 
bn  the  base  with  which  it  is  combined,  favouring  its  disen* 
gagement  by  the  attraption  it  exerts  to  that  bas>3. 

The  existence  of  water  in  intimate  combination,  in  one 
gas,  muriatic  ^acid  gas,  in  C(»isiderable  quantity,  is  niiore  un* 
equivocally  established,  as  is  to  be  stated  under  the  history 
of  that  acid.  But  this  arises  from  nothing  peculiar  to  this 
substance  as  an  elastic  fluid ;  it  is  the  consequence  mere* 
ly  of  its  powerful  affinity  to  water  ;  and  the  existence  of  the 
compound  of  the  real  acid  with  water  in  the  gaseous  form 
depends  merely  on  its  relation  to  temperatupe,  ^s  does  the 
existence  of  other  similar  compounds  in  the  liquid  or  solid 
form.  •^'  '  • ; 

Hygrometric  vapour  is  abstracted  from  gases  bya  iium* 
ber  of  substances  which  have  a  strong  attraction  to  water, 
as  by  dry  potash,  by  lime,  or  by  sulphuric  acid.  Gay-Lus- 
sac  and  Thenard  discovered  an  agent  which  abstracts  it 
still  more  powerfully,  and  aflbrds  a  more  delicate  test  by 
which  it  may  be  discovered,  Fluo-boric  acid  gas.  '  So 
powerfiil  is  the  affinity  of  this  substance  to  water,  that  when 
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presented  to  atmoi^beric  air,  or  to  any  elastic  flwd»  oon* 
taining  any  portion  of  hygrometric  water,  it  instantly  at- 
tracts,  and  at  the  same  time  forms  with  it  very  dense  va- 
pours. It  does  not  however  attract  combined  water,  and 
hence  it  produces  no  opacity  when  added  to  muriatic  acid 
gasj  a  proof  that  the  latter  contains  no  hygrometric  vapour. 

Water  appears  to  have  an  important  chemical  relation 
'  to  acids,  and  in  this  relation  displays  a  more  powerful  a- 
g^ncy  than  in  its  other  combinations.  All  the  powerful 
acids  e2f:ert  a  strong  attraction  to  it  ^  such  as  the  sulphuric^ 
the  nitric,  muriatiC}  fluoric  and  phosphoric  ;  they  (^not 
even  be  obtained  free  froo^  it  in  ail  insulated  state,  and  it 
appears  to  have  an  important  effect  in  their  more  charac- 
teristic acid  prc^erties.  The  facts  connected  with  this,  be- 
long rather  to  the  history  of  acids. 

A  very  strong  attraction  is  exerted  between  water  and 
the  fixed  alkalies ;  and  it  farther  appears,  that  they  always 
in  their  insulated  state  retain  a  considerable  portion  of 
it  in  combinatioui  so  that  it  cannot  be  abstracted  from 
them,  unless  when  they  enter  into  other  cpmbinations.  A 
similar  relation  exists  between  it  and  the  alkaline  earths. 

The  compound  salts  also  always  contain  water,  even 
tho^e  of  them  which  appear  altogether  insoluble.  The  so- 
luble salts  display  a  strcmger  attraction  to  it ;  and  in  those 
of  them  which  cry^allize,  it  is  always  retained,  forming  a 
part  of  the  substance  of  the  crystal.  ^  It  exists  too  in  many 
pative  mineral  products,  saline,  or  compounds  of  earths 
with  each  other.  Even  those  earths  and  stones  which  it 
cannot  dissolve,  it  wears  away  and  reduces  to  a  state  of 
extreme^  division,  pjartly  by  attrition,  and  partly  by  its  che- 
mical powers.  Hence  it  acts  even  on^ glass,  especially  when 
aided  by  a  high  temperature,— a  fact  which  at  one  time 
gave  rise  to  the  opinion  that  it  is  convertible  into  earthji  a 
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portion  of  earth  being  always  left  when  it  is  distilled  from 
glass  vessels. 

Water,  ,though  incapably  of  combining  with  the  metals, 
exerts  a  chemical  action  upon  them,  affording  to  several  of 
them  oxygen  at  the  temperature  of  ignition  j  and  at  a  na- 
tural temperature,  aided  by  atmospheric  air,  oxidating  or 
corroding  others.  It  also  combines  with  some  of  their 
oxides.  At  a  high  temperature  it  is  decomposed  by  char- 
coal and  sulphur,  which  receive  from  it  oxygen. 

Water  is  a  tolvent  of  many  other  substances*  Few  of 
the  animal  or  vegetable  products  are  insoluble  in  it,  and  all 
of  them  are  affected  by  it  as  a  chemical  agent,  receiving 
frotn  it  oxygen,  or  the  re-action  of  their  constituent  prin^ 
ciples  being  promoted  by  the  fluidity  it  communicates,  S0 
as  to  give  rise  to  spontaneous  decomposition. 

Those  compounds  in  which  water  exists  in  intimate  com- 
bination, and  the  properties  of  which  it  appears  to  modify, 
are  named  Hydrates*  • 

From  the  extensive  solvent  power  of  water,  it  is  scarce- 
ly ever  met  with  pure  in  nature.  Every  kind  of  spring  6t 
river  water  is  impregnated  with  saline  and  earthy  bodies 
of  different  kinds.  Spring  water  contains,  according  to 
Bergman,  carbonate  of  lime,  muriate  of  lime,  and  muriate 
oi  soda ;  river  water  contains  carbonate  of  lime,  muriate 
of  soda,  and  each  of  these  also  sometimes  a  little  alkali* 
Well-water,  besides  these,  contains  always  a  poition  of  sul- 
phate of  lime,  the  presence  of  which  is  the  cause  of  the 
quality  in  waters  termed  Hardness*  Rain  or  snow  water 
b  freer  from  these  foreign  substances,  but  is  not  perfectly 
pure,  as  it  affi)rds  a  trace  of  muriate  of  soda  and  muriate 
of  lime.  Water  is  freied  frop  tliese  subsiances  by  distUIa* 
tion :  and  for  any  chemical  {irdcess  in  which  accuracy  ii 
requisite,  distilled  water  must  be  used.^ 
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BOOK  III, 

OF  ALKALIS  AND  THEIR  BASES. 

1  HREE  substances  possessed  of  certain  common  proper- 
ties have  been  long  classed  together  in  chemical  arrange- 
ments, under  the  name  of  Alkalis.  They  are  soluble 
in  water ;  their  taste  is  acrid ;  and  when  applied  to  animal 
matter^  they  erode  or  dissolve  it  \  they  change  the  blue  and 
purple  colours  of  vegetables  to  a  green,  the  yellow  they 
change  to  a  brown  ;  they  combine  with  oils  and  fats  for- 
ming soaps ;  and  they  unite  with  die  substances  which  be* 
long  to  another  class,  the  acids,  neutralizing  their  charac- 
teristic properties,  so  that  in  the  compound  which  is  for&i* 
ed,  when  the  due  proportion  is  observed,  the  presence  of 
the  acid  or  of  the  alkali  cannot,  from  any  remaining  pro- 
perty of  either  of  them,  be  recognised.  The  three  alkalis 
are  named  AmmoiHa,  Soda,  and  Potash  (or  what,  for  si- 
Inilari^  of  termination,  would  be  preferable,  Potassa.)  The 
first  existing  when  uncombined  in  the  aerial  form,  and 
being  even  when  combined  with  water  easily  volatilized^ 
has  been  named  Volatile  Alkali;  the  oth«r  iwo,  though" 
they  are  volatilized  at  a  red  heat,  yet  still  having  compari- 
live  fi^ty,  are  denominated  Fixed  Alkalis. 

The  most  characteristic  property  of  the  alkalis  is  that 
displayed  in  their  relations  to  the  acids,  their  combining 
with  them,  and  forming  compounds  in  which  the  peculiar 
acid  powers  are  neutralized.    -  But  the  same  property  ht 
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possessed  by  another  order  of  ohemical  agents,  the  Earths ; 
and  several  of  these  approach  even  more  closely  to  the  al- 
kalis, being  soluble  in  water,  acrid  and  caustic,  combining 
with,  oils,  and  changing  the  vegetable  Colours  to  a  green. 
In  the  leading  property  common  to  both,  the  analogy  is 
qven  still  farther  extended,  for  the  comj^ounds  of  the  me- 
tals with  oxygen,  the  Metallic  Oxides  as  they  are  nainedy 
are  equally  capable  of  combining  with  the  acids,  and  of 
neutralizing  the  acid  powers.  Thus,  the  whole  are  con- 
nected into  one  series ;  and  though  the  alkalis,  earths,  and 
metallic  oxides  may  be  distinguished  as  subordinate  orders, 
by  some  peculiar  characters,  they  are  still  in  their  most 
important  chemical  relations  strictly  connected,  and  the 
transition  is  nearly  uninterrupted,  from  the  substance 
placed  at  the  commencement  of  the  one  division,  through 
those  belonging  to  the  others. 

This  analogy  has  been  rendered  perfect  by  the  discover^, 
,  that  the  alkalis  and  earths  are  compounds  of  a  basis  of 
a  metallic  nature  with  oxygen ;  that  under  this  point  of 
view,  therefore,  they  are  actpally  metallic  oxides*  The 
earths  resembling  the  more  common  metallic  oxides  in 
many  of  their  properties,  had  frequently  been  supposed  to 
be  metallic;  but  the  same  supposition  had  scarcely  been 
extended  to  the  alkalis,  partly  as  their  properties  are  more 
remote  from  those  of  metallic  oxides,  and  partly  from  the 
composition  of  ammonia  haying  been  discovered,  and  ha- 
ving apparently  no  relation  to  metallic  matter.  Mr  Davyt 
led  by  the  knowledge  of  the  law  which  regulates  the  che- 
mical decompositions  produced  by  galvanism,  succeeded  in 
effecting  their  decomposition,  and  obtaining  from  themo^y- 
gen  and  bases  having  metallic  properties.  He  submitted  the 
earths  to  the  same  powerful  instrument  of  aoalysii; ;  and 
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though  their  decomposition  has  been  less  perfect,  it  has. 
been  sufficiently  so  to  demonstrate  that  they  also  consist  of 
metallic  bases  in  an  oxidated  state.  The  anal€>gy  was  thus 
extended  through  the  series  of  the  earths  and  fixed  alkalis 
to  the  oxides  of  the  metals,  proving  that  they  are  of  simi* , 
lar  chemical  constitution.  Ammpnia  alone  remains  insu- 
lated, and  even  from  it,  submitted  to  the  action  of  galva^ 
nism,  results  are  obtained  which  indicate  some  rdation  to. 
metallic,  matter. 

Though  the  alkalis,  earths,  and  metallic  oxides  have 
been  connected  by  these  discoveries,  there  remain  sufficient 
reasons  to  arrange  them  as  distinct  orders.  The  bases  of 
the  alkalis  and  the  earths,  admitting  them  to  be  metallic, 
are  different  fiiora  the  common  metals,  both  in  physical 
aiul  chemical  properties ;  and  except  in  the  leading  cha- 
racter of  combining  with  the  acids,  the  alkalis  are  very 
difierent  in  their  qualities  from  the  metallic  oxides,  and 
are  much  more  active  in  their  chemical  relations.  The 
earths  approach  nearer '  to  the  metallic  oxides,  and  form 
the  series  connecting  them  with  the  alkalis. 

Several  of  the  earths,  particularly  barytes  and  strontites, 
approach  so  nearly  to  the  alkalis  in  their  properties,  that 
it  has  been  proposed  to  transfer  them  to  this  class.  They 
are  still,  however,  on  the  whole,  more  strictly  connected 
with  the  other  earths :  and  if  the  entire  series  is  to  be 
subdivided  into  two  orders,  it  could  not  be  done  with 
more  prdprij^y,  than  in  conformity  to  those  alrea:dy  esta- 
blished.  The  alkalis  may  be  regarded  as  associated  and 
distinguished  by  their  much  greater  solubility  in  water,. 
and  affinity  for  it ;  by  their  solubility  in  alkohol;  by  their 
greater  fusibility  and  volatility,  and  in  general  by  their 
greater  activity  as  chemical  agents. 
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OF  AMMONjA  AND  ITS  BASE. 
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1  HIS  alkali»  obtained  by  indivect  prQceasest  was  known  to 
the  older  <;heimsts  onlji;  in  it9  combination,  with  water, 
forming  the  liquid  which,  Arom  it^,vplflitilit;;<^mpare4  with 
the  ^ther  alkalis^  wa&rdenoj;[)matedtVo|atUe  Alk«li»  Dr 
Priestlejr  fir&t  shqwedt  that. a  permanentlji^.dais^c  fluid  can 
be  procured  from  this  by  a  moderate  hea^  ^d  that  the  al- 
kali is  gaseous  :when  indts  pure.form.     .;  ^    ;     ;  . 

In  the. progress  of  pneiimatic.  chemifitry^  sevjeral  facts 
were  observed,  .{nroving  ^tbe:., composition  of  .ammonia. 
Priestley  found,  that  on  taking  the  electric,  spark  in  thegas, 
or  on  transmitting  it  tljrough  ai^  ignited  eartbfQ  tube,  the 
volume  is  much  enlarged,^fand  ijl^  propertj^es  :i^re  changed ; 
^t  is  no  longer  absorbed  by  water,  and  is  If  ighly  inflamma- 
ble. .  By  heading  certain  mel»iUic  oxides  in  ^theiammonia- 
cal  gas,  he  farther  found^  that  they  are  reduced  to  the  me^ 
tallic  state;  a  little  watjer  i^peared  to  be  produced,  and 
the  residual)  gas  is  .nitrogen.^  Scheele^  too,.. observed  the 
decomposition  of  ammonia,  and  the  produp^on  of  nitror 
gen^-  particularly  in  the|i|^tonation  of  fulminating  gold,  a 
substance  composed  of  i^funpnia  and  oxide  ,qf  gold* 

Berthollet,  reviewing. apd  comparing t^es^  e^peri^ents^ 
was  lod  by.  them  to  institute  lOtbersyin^hich  ammonia  was 
decomposed ;  and,  from,  the  ^wjiole,  he  first  inferred  that  it 
is  a  compound  of  hydrogen. and  nitr(>gefi,ga8.    In  its  de- 
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compotition  l^  beat  it  ia  resolved  into  these  two  gasca  i 
■nd  when  decomposed  by  mcXalHc  oxides*  the  oxygen  of 
the  latter  combines  with  the  hydrogen  forming  water,  and 
the  nitrt^en  is  evolved. 

The  composition  of  ammonia  is  not  easUj  established  by 
synthesis,  the  elasticity  of  the  two  gases  being  an  obstacle 
to  the  exertion  of  the  affinity  of  their  gravitating  matter, 
so  that  when  mixed  together  they  cannot  be  combinedt  > 
even  by  the  agency  oTlheekctricBptu-k.  Ithadbe#nob-  > 
served,  however,  that  in  iMnte  oases  of  cfaereAcd  action, 
ammonia  is  evidently  fonta^,  or-fs  trvohed,  though  ft  do« 
not  pre>dcnt  tn  tbe  mateiftls.  This  prodactfon  <iyFtt  -ma 
Known  to'  t^e  place  m  the' action  of  nitric  acid  on  tin ; 
and  Uie  theory  of  its  production,  as  well  as  the  principle 
on  which  it  depends,'  were  tisosrtained  by  Dr  Atrstin.  7^ 
bein^  a  thetid  having  a  great  avidity  to  oxygen,  it  decom- 
poses wben  acted  oR  by  nftric  bci3,  fool^  the  acid  itsetf  and 
the  wat^  th«  acid  tontaimr,  aih-acting  the  oxygen  of  both. 
I'&e  acid  h  &  c6niponnd  bfoHygea  and  nitrogen  ;  when  it 
'  stiffers  this  decomt^ition'  its  nitttii^  and  the  hydrogen 
of  tfie  water  are  ercAtei-'  and  being  presented  to  each 
other  in  the  moment  oP  tft^  eToTotiont  and  before  they 
-have  become  elastic,  (in  thell^  rtascmt  state,  as  it  has.  been 
liMned),  their  mutOaJ  affinltjr  is  exerted  mth  ettecx,  and 
theycombirtei^  Dr  Austin  fenher  fofirfd,'tbBtif»as  suffi- 
cient to  present  hydrogen  th  it^  nsscent  state  to  nitrogen 
gas  to  fohb  ttnnnoflia^  this  tdsUt  being  obtained  wtiea 
iron-fiHngs  mofsfeh^'witii  wther  ttte  confined  m  a  tube 
tnth  nitri^en  gas*  drerqtn^itver. 
'  Thi  ffisrtrrtry'of  the  extrtettce'oP  oxygen,'  «  a  consti- 
fuent  principle  of  the  othertwo  fUki^,  potafih  and  soda, 
su^iestnl  the  «oii}«cCtire,  Aat  it  flight  exist  as  an  etenneDt 
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intlie.compositbn  of  ammonia.  Mr  Dftvy  st^bed^vera) 
cacpmmilsms  by  viiich  this  appeared  to.be  proved*  aii4 
froitt  whicb  he  inferred)  tlmt  the  proporttoo  of  c^atygoa  in 
the  oompoeidoD  of  amrooiiia  cannot  be  'estimated  at  ietls 
than  sev^oi  or  eight  parts  in  the  hnndced^  aiMi-may  eyet) 
be  larger.'  But  the  revise  was  afterwards  established  ^jf 
Ae  experiments  of  other  ehemifits*  .  Dr  Henry^.Bubmitt 
ting  a^imonia  to  analysb  by  the  jtction  of  electricity^ 
Ibund,  iHien  the  doe  precautions  have  been  observed  to  ex^ 
dude  moistOM)  that  it  is  resdived  into  hydiogeii  and  nttrot 
gen  alone^  widiopt  any -trace  of  oo^ogen*  AndvBerdK^fet 
junior  db((ftined  ithe  same  resnlts*  in  eaq>eriments  made  wiA 
the  vie«r  ^f  discovering  if  oxygen  were  pmsent^  If  the 
atialogieal  inlerencei  that  ammonia  most  contain  oxygen, 
from'  the  fact  that  all  other  bases  which  neotnaiige  adds 
contain  thaet  dement^  be  sufficiently  Strong,  to  warrant 
auob  a  oonclosioa,  it  must  be  inferred,  that  oxygen  exists  ^ 
eitlier  in  hydrogen  or  nitrogen,  and  under  this  point  of 
view  ammonia  may  be  an  oxide  witiii  a  compound  base. 
But  the  present  state  of  bur  knowledge  on  tbia  subject, 
does  not  admit  of  any  obtain  condusion. 

The  analogy  in  chemical  ciAififtitution  between  ammonia 
and  die  cfther  alkalis,  appeared  to  be  established  under  an* 
other  point  oC  view,  by  the  indication  which  «Mtte  iexperi* 
ments  afibrd  of  its  containing  a  base  of  a  metailiic  nature* 
Ammonia  ftsetf  is  not  easily  aubjected  to  th»  action  of 
galvatrism,  but  a  very  ingentons  fonn  oF  experiatent  was 
employed  by  Seeibedt,  that  ^f  placing  it  in  dbegelvanio 
dt«ait  in  comaot  with  quicksilver.  A  globsde  of  qaiok-* 
silver  was  placed  in  a  sdid  pieoe  of  carbonaHe  or  flMidata 
cC  amfiMmia,  slightly  mdistetied,  in  ^eonneedba  widi  ibe 
positive  etde  of  ^  jgBtrMk  ^teirf,  or,  ^aoeonlulg  to  tlia     - 
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nethod  of  Berzelius  and  PcaitiB,  it  may  be  placed  ia  cotf-' 
tact  with  a  solution  of  pure  ammonia  in  a  platina  spoon. 
On  establishing  the  contact  with  a  wire  from  the  Negative 
side,  the  quicksiker  soon  b^ins  to  increase  in  Yolame ;  il 
thickens  and  becomes  lessmobile,  and  at  length  is  enlarged 
to  four  or  five  times. its  original  volume,  and  becomes  a 
soft  solid,  retaining  the  metallic  lustre :  oxygen  is»  at  the 
game  time,  evolved  at  the  positive  wire.    The  changes  the 
quicksilver  thus  suffer  are  peifectly  similar  to  what  would 
be  producedfrpm  tfaecommun^catioti  to  itof  metallicmatter. 
Hence  it  was  concluded,  that  in  the  experiment  the  am* 
monia  suffers  decomposition,  probably  by  the  abstractioti  of 
oxygen,  and  that  its  supposed  mefallie  base,  ( Amm(Miium  as 
i  t  was  named),  remains  in  combination  with  the  quicksilver. 
This  appeared  to  be  confirmed  by  the  fact,  thaf;  when 
potassium,  a  substance  powerful  in.  attracting  oxygen,  is 
made  to  act  on  ammonia  in  contact  with  quicksilver,  simi- 
lar changes  are  produced ;  and  farther,  that  when  the  amr 
moniacal  amalgam,  as  this  soft  solid  has  been  named,  is 
dropt  into  water,  it  is  resolved  into  quicksilver  and  ammo- 
nia, hydrogen  gas  being  at  the  same  time  evolved,'  which 
was  supposed  to  indicate  a  decomposition  of  water,  and 
the  transfer  of  its  oxygen  to  the  ammonium,  so  as  to  re- 
produce ammonia. '  It  was- also  affirmed  to  absorb  oxygen 
from  the  air,. 

The  theory  of  this  singular  experiment,  however,  is  far 
from  being  elucidated,  and  sonff  of  these  statements  i^ 
pear  to  be  incorrect.  Gay-Lussac  and  Thenard  consider 
the  soft  metallic  solid  as .  a  compound  of  quicksilver  with 
portions  of  ammonia  and  hydrogen.  In  its  production,  ac- 
cording to  this  view,  the  water  with  which  the  ammonia- 
cal  salt  is  moistened)  and  the  presence  of  which  is  absc^ 
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hitely  essential  to  the  success  of  the  ezperimenti  is  decom- 
{)osed  ;  its  oxygen  is  attracted  to  the  positive  galvanic  pole, 
(or  coinbines  with  the  potassium  when  it  is  employed  io 
jproduce  the  effect,)  while  thefiydrogen  of  the  decomposed 
Water,  find  a  portion  of  the  ammonia  attracted  to  the  nega* 
tive  side,  enter  into  weak  combination  with  the  quicksihrer, 
dilating  it,  and  diminishing  its  specific  gravity.  And  they 
affirm,  what  appears  to  establish  this  view,  that  the  amma-i 
niacal  ama^an),  by  exposure  to  heat,  or  by  mere  agitation 
when  it  is  removed  from  the  galvanic  inBuence,  is  resolved 
into  quicksilver  ammonia  and  hydrogen,  without  any  ab- 
sorption of  oxygen  from  the  air';  or  when  diffused  m 
warm  and  dry  quick^lyer,  it  yields  ammonia  and  hydro- 
gen, without  oxygen  being  communicated  to  it  from  any 
source^  Those,  again,  who  maintain  the  opposite  opinion, 
Appose  in  these  cases  the  presence  of  a  minute  quantity 
of  moisture,  to  which  they  ascribe  the  effect.  The  proofs 
given,  however,  by  Gay-Lussac  and  Thenard,  that  this  is 
jnot  the  case,  appear  tGul>e  just ;  and  the  theory  which  they' 
give  of  the  nature  of  this  substance  is  confirmed  by  its  ana- 
logy to  the  nietallic  substances  obtained  from  the  fixed  al- 
kalis, which,  as  is  afterwards  to  be  stated,  probably  consist 
of  metals  combined  with  hydrogen.  Yet  the  actual  deter- 
mination of  the  results  by  experiment  is  so  difficult,  that 
some  uncertaihty  remains  attached  'to  it.  Whatever  be 
the  ultimate  nature  of  ammonia,  however,  it  is  resolvable 
by  any  analysis,  the  whole  results  o£  which  are  obvious  and 
distinct,  into  hydrogen  and  nitrogen  alone. 

The  proportions  of  these  originally  assigned  by  BerthoU 
let  were  72.5  measures  of  hydrogen,  and  27.5  of  nitrogen; 
others  have  been  assigned  not  very  different.  The 
younger  Berthollet  states  them  at  75.5,  with  24.5 ;  these 
are  very  nearly  the  proportions  of  three  measures  to  one 


8IO  <»F  AIAWLOVl^ 

measore,  and  are  ooDforinahie  diereTdre  tfr  liie  law,  fai 
wbidi  there  appears  to  be  aooieibiiildatioii;  that  gases  oon« 
bine  in  simple  proportions  estimated  oy  volume.  Coo- 
verting  tbem  into  weight,  ammonia  will  consist  of  81.5  of 
nitrogen  and  18.5  of  hydrogen.  The  condensation  at* 
tending  the  combination  is  equal  to  half  the  vdnme  of  the 
whole  gasesi  or  twice  the  volume  of  the  nitrogen  ;  and 
hence,  when  amtnoniacal  gas  is  decmnpoaed  hy  the  eleotric 
spark,  and  converted  into  hydrogen  and  nltrc^;en  gases,  it 
is  doubled  in  volume. 

Ammonia  is  always  procured  by  indirect  processes.  Ita 
ultimate  source  is  usually  from  the  decomposition  of  ani-» 
mal  matter,  of  which  its  constituent  princq>les  are  elements, 
and  which,  in  ihe  new  combinations  taking  place  in  Aat 
decomposition,  unite  so  as  to  form  it.  It  is  dius  obtaraed 
abundantly  in  the  distiUation  of  bones  and  other  onimdl 
substances.  Procured  in  this  way,  however,  it  is  always 
impure,  and  the  chemist  therefore  usually  avails  hiinsdf  of 
a  salt  containing  it,  prepared  on  a  large  scale  for  differoit 
purposes  in  the  arts,  the  muriate  of  ammonia,  or  sal-am« 
moniac  of  commerce,  from  which  it  is  easily  obtained  pure. 
This  salt  consists  of  muriatic  acid,  combined  with  ammonia. 
On  mixing  it  with  two  parts  of  slaked  lime,  the  pungent 
smell  of  ammonia  is  immediately  apparent  j  and  on  apply- 
ing heat  to  the  mixttire  in  a  retort,  thejre  is  an  abundant 
production  of  elastic  fluid,  consisting  of  the  ammonia  m 
this  form,  the  lime  comUning  with  the  muriatic  acid  of  the 
compound  salt,  and  the  ammonia  being  disengaged.  The 
ammoniacal  gas  is  received  over  quicksilver,  as  it  is  instant- 
ly absorbed  by  water. 

Ammonia,  in  the  state  of  gas,  has  an  odour  extremely 
pungent,  and  is  so  acrid  as  to  inflame  the  skin.    It  is  one 
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^  the  i^Tfst  of  th€  e^iiAic  iluidf  fc  ^^  Wl^^fic  gravity  ^ 
<)*|dOft«tiBq$pherioaii!.be]^  l^OOO^rnlQlP.^uhic^cbes  weigV 
IS  ^>Mn9.  It  is  {Mmm^otly  ^tic  a^  oa^ur^^ ^niperaturei^ 
but  wheo  ^xpoied  V>  ii  oold  r^G^  of  Falv^abeiVft  f^- 
dfips«9  into  the  liquid  stot^  91.  condensAtion  fi^ilitate^ 
pmbably  \)y  the.  Qpemtmi  of  »  qhquIa  portion  of  wgter 
wibicb  it  QKiy  bold  di^sK^i^.  J]^  ^^  9xxmga}»\m  fioxar 
'lm%\kn^i  ith  itself  digbljy  ioflaqi^mabk,  the  flame  of  i^  i|^- 
per  paxiiaUy  introduced  into  it  being  enlarg^d^  and  wheii 
i^  i»  previou^  mingled  ^ith  fUmo«pberic  air  it  burns  with 
a  sligbt  lambent  i^ame  1  wheii  l^lMJled  in  mia^tiire  widx  oxy* 
gen  gaa  it  imrm  otoits  «troiiglyi  ^nd  with  detcw^tion  on,  tb^ 
iptrodufilaoi\:  ^  the  eho^k  »parfc>  when  tb^  proportionB 
are  witbin  3  of  osygen  to  1  of  ammpoiai  or  3  of  amiisonia 
io  1.4  Q^^xygm*  The  oiij^gen  coiaEibines  with  the  hydrogen 
of  tbe  ammonia  formifig  waiter^  and.  the  nitrogen  i«  evolved^; 
■<ur»  if  Jtbere  be  an  e%Km%  of  oxygen^  part  of  the  nitrogen 
combines  with  it,  and  ferm«  nlbri^  acid.  When  the  an^- 
moniaciEil  gaa  is  kindkd  issuing  6x4n.a  ejoiaU  tubei  and  in- 
troduced into  oxygen  gas,  it  burns  slowly. 

Ammdniacal  gas  is  largely  and  rapidly  absorbed  bj  wa- 
ter; tbe  vmt&r^  under  a  mean  .atmospheric  pressure  and 
temperature,  taking  up  rather  xwr^  ibm  o2)e*third  ifs 
weight  ei  the  gas»  Ice  immediiately  liquefies  in  it,  at  the 
aame  time  condenses  it,  and  tbi$  is  ^oompanied  by,  the 
production  of  acid*  Its  soluti^w  in  wMtev  is  of  jn^rior  spe- 
cific  gravky  to  pure  water,  being)  when  concentrated,  not 
more  than  S054*,  The  gas  is  eKpeli^d  £ro^  it  by  an  ele* 
vation  of  temperature;  by  intense  cold  the  solution  is  con-  - 
gealed  without  the  ammonia  being  separated  :,  the  conge- 
lation takes  place  at  -;-40^  :  and  at  5S^  it  loses  all  smell. 

It  is  under  the  form  of  the  watery  solution  that  ammo*  ^ 
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nia  if  usaally  employed  as  a  cbenMcal  ingest.  Thesolntiun 
is  prepared  by  coonectu^  a  lelort  of  green  ghfis^  with  die 
mixture  of  muriate  of  lime  and  ammonia  in  the  propor- 
tions already  stated,  and  with  about  twice  their  weight  of 
water,  with  the  bottles  of  Woolfe^s  apparatus  containing 
water.  Heat  is  applied  to  the  retort  by  the  medium  of  a 
sand-bath :  the  lime  combines  with  the  muriatic  acid,  the 
ammonia  is  expelled,  and  is  condensed  partly  by  the  water 
that  distils  o^er  from  the  retort,  and  partly  by  the  water 
in  the  bottles  of  the  apparatus  through  which  it  is  trans- 
mitted. On  a  large  scale,  the  distillation  is  caixicd  on 
from  an  iron-still  containing  the  muriate  of  ammonia  and 
lime  diy,  to  which  the  fire  is  directly  f^plied,  the  still  be- 
ing connected  with  a  spird  tin  tube  placed  in  a  refngera- 
tory,  and  with  the  extremity  of  which  a  series  of  globular 
receiv^^  is  likewise  connected.  When  prc^rly  prepared 
the  solution  is  colourless,  and  has  the  pungenqr  of  the  am- 
monia unacconipanied  with  any  lioetor. 

Ammonia  has  been  supposed  to  be  inferior  to  the  other 
two  alkalis  in  alkaline  power^.as  they  decompose  the  com- 
pounds it  forms  with  the  acids.  This,  however,  is  prober 
bly  owing  to  its  volatility:  and  as  a  giv^i  weight  of  itneu- 
tralizes  larger  quantities  of  the  adds  than  the  samewei^t 
of  the  other  alkalis  do,  it  follows,  from  B^rthoUet's  views 
of  the  strength  of  chemical  affinity,  that  it  is  even  superior 
in  power.  From  the  inferior  omcentration,  however,  of 
its  solution,  it  acts  less  strongly  on  a  number  of  substances;, 
it  combines  rather  less  intimately  with  the  oils,  and  It  does 
not  dissolve  the  earths^ 
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CHAP.  II. 


OF  POTASH  AND  ITS  BASE. 

1  HIS  alkaii  has.  long  been  employed  in  a  statb  of  greater 
or  less  purity  as 'a  chemical  agent,  and  has  been  distin* 
gtushed  by  various  appellations.  Being  usually  procured 
from  the  combustion  of  vegetables,  it  received  the  name  of 
Vegetable  Alkali.  As  it  is  the  base  of  the  impure  alkaline 
adit,  the  potash  of  commerce,  it  has  been  named  Potash. 
The  term  Potassa  has  been  received  as  the  Latin  appella* 
tion,  and  would  be  preferable  also  in  our  language^  as  si- 
milar in  termination  to  the  names  of  the  other  alkalis,  and 
as  different  from  the  term  applied  in  commerce  to  a  sub- 
stance containing  only  the  alkali  in  an  impure  form  :  but 
that  of  Potash  appears  to  be  established  by  general  lise. 

Potash  had  sometimes  been  suspected  to  be  a  compound 
substance^  but  these  conjectures  rested  only  on  remote 
analogies,  and  nothing  was  truly  known  with  regard  to  its 
composition  previous  to  Mr  Davy's  discovery  of  it.  By 
submitting  it  to  the  action  of  galvanic  electricity  in  high 
intensity,  he  decomposedit,  and  obtained  from  it  a  metal- 
lic like  substance  before  unknown,  possessed  of  very  singu<^ 
]iar  prc^rties,  and  which  has  led  to  the  discovery  of  others 
equally  peculiar. 

This  experiment  i^  performed  by  placing  a  small  piece 
of  po^h  slightly  moistened,  in  a  {^tinacap,  in.connec- 
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tion  with  one  extremity  of  a  galvanic  battery.  On  es^ 
blisbing  the  communication  .vith  the  other  extremity  by  a 
platina  wire,  an  efiervescence  is  excited  at  the  surface  dT  the 
potash  at  the  positive  side,  owing  to  the  disengagement  of 
elastic  fluid ;  this  is  accompanied  with  the  Jiquefaction  of  the 
potash;  and  at  the  surface  in  communication  with  ihenega* 
tive  side,  there  is  no  sensible  disengagement  of  gas^  but 
globules  appear^having  metallic  lustre,  and  in  mobility  si- 
milar to  quicksilver.  The  elastic  fluid  disengaged,  Mr  Dai^ 
found,  is  oxygen  gas.  In  confiannilj»  therefore,  to  the 
Hsual  law  which  regulates  galvanic  decon^KMUtion^  it  was 
to  be  inferred,  that  the  potash  had  been  decomposed^  that 
the  oxygen  attracted  to  the  positive  side  is  one  of  its  ele» 
ments ;  and  that  the  metallic  matter  «|)pe8ring  at  the  otbw 
side  is  the  base  with  which  the  oxyg^i  bad  been  com* 
binpd. 

These  conclusions  appeared  to  be  established  ^sa  by  spip^ 
thesis.  On  exposing  the  metallic^like  matter  to  atmos-' 
pheric  air,  its  lustre  is  diminished,  a  white  erast  soon 
forms  upon  it,  which  is  potash,  imd  this  is  accompanied 
with  an  absorption  of  oxygen.  On  hep^ing  it  in  oxygem 
gas  it  enters  into  vivid  combustion  \  solid  potash  is  pro- 
duced, and  a  portion  of  the  oxygen  k  consumed.  Or, 
on  dropping  it  into  water,  an  immediate  cKs^gagement 
of  hydrogen  takes  {(lace,  the  metallic  matter  disa^^ars, 
and  a  solution  of  potash  is  obitained.  From  all  these  exr 
periments,  the  conclusion  appeared  to  follow,  that  potash 
is  a  compound  of  this  metailtc  matter  and  oxygen,  since 
it  is  resolved  into  them,  and  is  re^prodnoed  when  they 
combine. 

A  confirmation  of  this  discovery,  important,  as  exdud- 
ing  any  suspicion  that  might  have  been  entertained  that 


gftltairie  nctioii  4»  esfienitid  to^tfaeie  cbongefb  wa9  sgon  ftfter 
made  l)y  die.  French  cbeiniel9#  Gay-Lussac  and  Thenard# 
pdta^  lnAVMig  been  decomposed  by  them  by  the  action  of 
iroti*     Cle^n  itoo*fiUiigs  are  put  into  an  iron  tube^  bent 
90  tbat  the  filings  ahall  lie  in  the  curvatore  towards  the 
middle  of  the  tube.    To  one  extremity  of  it  is  adapted^  by 
grinding*  a  smaller  tube  baFing  a  stopper  inserted  at  its 
op^n  extremity,  and  containing  a  quantity  of  pure  potash  s 
the  curved  tube' is  placed' across  aimall  furnace,  so  that  the 
imti'filings  are  raised  to  a  white  heati  the  potash  is  then  li^ 
quefied  by  applying  tb  it  the  beat  reqoired,  and  is  allowed 
to  run  through  a  small  Aperture  on  ihe  fflings.    It  is  de^ 
composed,  the  iron  attracts  its  oxygen,  and  the  metallic 
matt^*,  which  is  its  base,  is  sublimed  to  the  other  extremi- 
ty of  the  tube,  which  is  kept  cold  by  a  freezing  mixture* 
A  little  hydrogen  gas  is  disengaged  during  the  process, 
apparently  derived  from  the  watet  contained  in  the  potash, 
&ad  is  allowed  to.  escape  by-fi  tube  of  safety  connected  with 
the  tube*    The  metallic  matter  adheres  in  brilliant  pliUecr 
to  the  sides  of  the  extremity  of  the  large  tube ;  it  is  sim^ 
hr  to  that  obtatned  from  the  decomposition  of  the  alkali 
I^  galvanism,  or  at  least  is  only  a  little  heavier.     Potash 
has  also  beeii  decomposed  by  charcoal,  but  the  process  is 
not  so  easily  copoducted  as  that  with  iron. 

To  the  metallic  substance  obtained  in  these  experiments, 
the  base  of  potash,  Mr  Davy  gave  the  name  of  Potassium. 
In  its  general  properties  it  resembles  a  metal,  yet  it  as  well 
as  the  other  alkaline  bases  that  have  been  procured,  differ 
remarkably  from  the  common  metals  in  their  inierior  deo*- 
«ity,  as  well  as  in  some  other  qualities.  -To  distinguish 
them  the  term  Metalloid  ha«  been  employed* 

Gay-Lu^aa^  and  Thenard  proposed  a  different  view  of 
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thete  czperimenU,  and  of  the  natdre  of  the  nibttsnce  dicj' 
Afibrd.  Thej  supposed  tbe  water  present  to  be  decompoe- 
ed;  its  oxygen  to  be  evolved  at  the  positive  wire,  or  in  tlie 
experiment  with  iron  to  combine  with  the  iron,  and  iu  h^ 
drogen  to  unite  with  tbe  potaih  and  form  the  Potasgium. 
When  tbis  substance  is  submitted  to  oxygenation,  its  hydro- 
gen is  supposed,  in  conformity  to  this  view,  to  combine  with 
tbe  oxygen  consumed,  forming  water,  and  the  potash  ap- 
pears in  its  original  state.  And  although  the  Potassium 
may  be  produced  withoni  the  presence  of  any  sensible  hu- 
midity, this  does  not  invalidate  this  hypothesis,  since  even 
fined  potash  in  hs  driest  state  contains  a  considerable  quan- 
tity of  combined  water  which  will  be  decomposed. 

It  followed^  however,  from  this  view,  that  potassium 
ought  by  oxygenation  to  form  an  alkali,  containing  com- 
bined water  similar  to  tliscd  potash,  while  if  potassium  be 
tbe  base- of  potash  forming  it  by  oxygenation,  the  product 
of  this  oxygenation  must  be  the  real  alkali  free  fr6m  water. 
From  experimental  researches  on  this  point,  it  appears,  that 
the  product  of  the  oxygenation  of  potassium  does  not  con-  ' 
tain  water,  or  at  least  does  not  contain  such  a  quantity  of 
vater  as  is  contained  in  fused  potash.  The  hypothesis  of 
Gay-Lussac  and  Thenard,  therefore,  cannot  be  maintain- 
ed, and  they  have  accordingly  relinquished  it. 

Another  view  of  tbis  subject,  however,  may  still  be  pro- 
posed, and  seems  indeed  to  be  indicated  by  the  phenome- 
na connected  with  the  production  of  potassium.  When  po-  ' 
taah  is  submitted  to  galvanib  action,  an  effervescence  is  per- 
ceived at  the  positive  galvanic  wire  &om  the  evolution  o! 
oxygen  gas,  but  there  is  no  disengagement  of  gas  at  the 
negative  wire,  there  is  merely  the  production  of  the  glo- 
bules of  potassium.       'Ihese  are  the  phenomena  that 
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•ttghtto  f^ppear4  0D  the  hypothesis  that  potash  is^ati  cackle 
btpQtasmaihf  aiid.tbat  fiised  potash  is. the  real^  alkalk    But 
fiosed potash  is  npt  so;  it  contains -at  least  0.20  of  cotnbinf^ 
ed  water:  when  submitted,  to  gslvanic  action^  .tys.w^teio 
must  suffer  decoctiposition;  its  okyged'WiD^  in  comformily  to 
Ae  .usual  law^.  be  given  out  at  the  positive  side^  it^  fajiiroM 
gmi^wiB  be  given  out  at  the  n^atiine  side;  and  beidg.twiee. 
the  volume  of  the  os^ygen^  itsievolutton  ought  tOjbe  equiiQj. 
af^arent  Sineefttdoes  not  appesr,Vit-may  be  iQferi«d.th()ft 
it:enters  into  the  composition  of  the  metallic  matter^  which 
appears  at  the  h^ative  side.    Therhypothesis»  how^ever, 
that  the  metallic  pcoddctf  is  a.  comp^ound  of  potasl^  and 
bydit^n^  cannot  be  maintained.     But  there  is  another 
mode  in  which  the  results  may^  be  explained.    Potash  may 
hB  regarded  q&  a  compound  of  ^  metallic  base  with  oxygen^ 
and,  l(s  decomposed  by  galvanic  action,  its  oxygen  h^w^  at«  i 
traded  to  the  positive^  its  base  to  the^egative  pote*^    But 
the  combined  water  which  always  exists  in  the  fiised  potash 
must  ahb  be  decomposed  in  this  experiment:  its  oxygen 
wiB  be  disengage^  at  the  positive  side,  while  it9  hydrogen, 
atractedto  the  negative  side,  may  combine  with  the  real 
metallic  base,  and  the,  potassium  may  be  .the  product; of 
this  conibination,.-^not  a  real  metal,  but  a  n)i3tallic  hydru- 
ret,  or  compound  of  a  metal  with  hydrpgen.     The  experi* 
mental  evidence,  by  which  this  conclusion  is  to  be  establish- 
ed, is.  to  determine  whether  potassium  by  oxygenation 
forms  a  product  equal  or  inferior  in  alkaline  strength  to 
the  reaL  alkali,  ascertaining  the  strength  of  the  latter  by 
making  due.idlowance  for  the  quantity  of  Combined  water 
which  fused  potash  contains.      The  result  of  the  experi- 
meitts  I  have  made  on  this  sul^ect,  is,  that  the  potash  fprm^ 
ed  by  the  oxygenfition  of  potassium,  though  superior  in  al« 
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kaJkic  ftrength  to  fused  potaslj,  U  tiot  equal  to  real  potadi<| 
It  must  therdi^e  c^ontaid  a  portion  of  oomhined  water>  and 
Iienoepotasiium  furdbably  most  contain  a  prc^ortion of  by^ 
drogen  onit^  with  the  lieal  anetiAic  ba^*  This  view  of 
the  oonstitotion  of  this  substance  accounts  *for  its  pecoUar 
qualities^  and  partieularly  for  its  great  letity,  a  quaUty 
in  which  it  dilfers  so  remarkably  ffom  metals*  and  which 
may  be  supposed  to  arise  from  the  presence  of  hydrogeit 
A  similar  tiew  may  be  extended  to  the  other  metallic  pro^ 
ducts  from  the  alkalis  aiid  earths,  and  even  aome  of  the 
common  metab,  it  is  possible^  may  contain  hydrogen. 

It  remains,  to  state  the  properties  of  PoTAsaniM^  It  ap« 
pears  in  the  form  of  globules^  having  metallic  lustre  and 
opacity  at  the  temperature  of  60^  similar  in  appearance  to 
those  of  quicksilver,  but  less  mobile.  At  70^  the  mobili^ 
and  fluidity  are  greater,  and  at  100  or  1S6^  it  is  complete* 
fy  liquid,  so  that  the  globntes  run  easily  together.  At  SQ 
it  becomes  solid,  is  similar  in  appearance  to  silver,  and  is 
malleable ;  at  32  it  is  hard  and  brittle.  Though  it  resem- 
bles the  tnetals  in  opadty,  lustre,  and  other  properties  it 
differs  from  them  remarkably  in  density  :  in  this  propiHrtjr 
it  is  inferi6r  even  to  water  or  alcohol :  when  liquid  it  dpea 
not  sink  in  naphtha,  the  specific  gravity  of  wimli  is  0.77  : 
in  its  solid  state  it  is  rather  heai^er,  but  still  even  at  40  it 
floats  in  this  liquid ;  its  specific  gravity,  therefore,  is  not 
more  than  0.6,  water  being  1 ;  according  to  Gay-»LussaC| 
however,  it  is  0.86.     ^ 

Potassium,  though  so  remarkably  affected  by  heat,  is 
not  very  volatile ;  it  requires  a  temperature  approaching 
to  ignition  to  volatilise  it«  At  teoiperatores  inferior  to  thk 
it  combines  with  oxygen  slowly,  and  without  aajr  sensible 
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ttaHbustioh^^batwtieii  htfit^t^  th«  point  ci^ohttikmi^ 
i|(  torils  i^hiiHy  ^Witfe  ittt^tiM  h<^t  and  lighi;*  >  . 
•  IPbtlidtf lid  C€fiitbi»eft  widi 'differ enl  propdnibos  dt  &fLy*^ 
jgM.  The  prodisct  df  i)»  ^^^lAiOfilion  ig  a  solid  white  hiiuti, 
wlitck  Sk  H;  Davy  infertod  16^  pomd),  tind  id  th^  fdrmttw 
$i6ii<if  Wfaich  h^xoiidtA}<td^  thdt  iibotit  18  6£  oityg^  «re 
tsottbittchi  Wfth  roO'of  potMftiu«(i.  Wh(sn  it  te  ^itkote  gehtlly 
tietttid  in  btyg«n;gM,  k)^«^  not  to  itifldtti^,  a  «6lid  c4^  d  gfey>- 
ish  colour  is  formed,  which  he  considered  as  con^ifSing 
ffosftlj  of  potA^hy  And  partly  ^fpotatififittni  in  a^di^'de^ree 
€i  oxidati^rv.  ^  Y^ry  di^rent  r^ult^,  with  regard  todri^, 
have  h&G^  egtablish«d  by  Gay*Ltid«ac  aad  Thedard.  The 
Mbstance  formed  by  the  combustion  of  potassium  they  find 
it  myt  potadi^  but  a^prodnct  at  a  higher  degree  of  oxida- 
tibn,  -eontaidifig  three  times  the  quantity  of  oxygi^- 'which 
{mtwh  cMiltai»» ;  it  19  of  a  yello'w  colour,  and  is  fusible  ; 
wben  Water  is  added  to  it  there,  k  an  eiferveilcence  from 
lihe  disengagement  of  ojtygen,  and  it  is  converted  into  pth- 
ittsbi  it  also  yields  oxygevi  to  inflammable  bodies.  '  The 
-dJegc^fe  of  oxidation  of  potassium  which  forms  potash,  ap« 
^penvi  to^  be  established  almdst'cdcdiisively  by  the  agency  of 
water  $  the  proportion  of  o'xygen  with  which  the  potassiuioi 
combines,  is  about  20  with  100  parts ;  hence  potash  con* 
aists  of  SS^7  (tf  potassium,  and  16^63  of  oxygen.  There 
H  lasdy  a  product  obtained  iroii>  the  oxygenation  of  pota»- 
liam,  by  inclosing  it  for  some  days  in  a  small  vessel  loose- 
ly covered^  which  is  dull,  brittle?,  and  inflammable,  and 
^hich  Gay-Lumic  and  Thenard  regard  as  an  oxide  in  the 
"first  degree  of  oittdatioti. 

fVom  its  strong  attraction  to  <»cygeny  potassium,  decom^ 
]pGN^  wai^  Wi&  Vapi^ty,  producing  explosion  with  fliame, 
and  being  converted  by  oxygenation  into  potash.     Placed 
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OD  loe  it  burns  wkh  a  brigbt  flame  melting  the  ice.  It  t^ 
tracts  oxygen  with  similar  rapidity  from  the  nuneral  adds^- 
and  bums  f  and  also  from  »various  oxidated  substances* 
It  thus  changes  the  constitution  of  the  other  alkalis  and 
alkaline  earths.  Its  action  o|i  ammonia  is  singular*  Whes 
heated  in  it,  the  ammonia  disappears,  hydrogen  gas  in  a 
similar  volume  is  produced^  and  an  olive  coloured/ sub* 
stance  is  formed,  the  nature  of  which  is  not  yet  weD  ascerr 
tained* 

Potassium  unites  with  inflammable  sab^tanoes.  When 
heated  in  hydrogen  gas»  it  diminishes  in  volume:,  and  the 
gas»  on  being  mingled  with  atmo^heric  air,  explodes  with 
the  production  of  alkaline  fumes.  If  a  more  gentle  heat 
be  applied,  a  solid  compound  containing  a  smaller  propor- 
tion of  hydrogen  is  formed,  which  is  of  a  grey  ccdour,  with- 
out metallic  lustre,  and  inflammable.  With  phosphorus^ 
a  compound  is  formed,  inHammable,  and  which  has  the  ap- 
pearance of  the  metallic  phosphurets.  When  heated  with 
sulphur,  under  the  vapour  of  naphtha,  tbey'combine  r^id- 
ly  with  the  evolution  of  heat  and  light,  and  form  a  sub- 
stance of  a  grey  colour,  with  the  lustre  and  appearance. of 
artificial  sujphuret  of  iron. 

It  also  combines  with  the  metals,  and  forms  compoxmds 
having  metallic  properties,  which  absorb  oxygen  from  the 
air  and  decompose  water,  potash  being  formed,  and  the, 
metal  separated  unchanged.  Its  action  on  quicksilver  is 
singular.  They  instantly  combine  with  the  evolution  of 
more  or  less  heat:  the  potassium  in  a  minute  quantity  adds 
to  the  consistence  of  the  quicksilver,  and  diminishes  its 
mobility  :  when  the  quantity  is  about  ^  of  the  weight  of 
the  quicksilver,  the  amalgam  is  scxR;  and  malleaUe :  in  a 
quantity  a  little  larger  it  renders  it  solid,,  and  nearly  simi- 
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lar  to  siker  in  colour.  When  it  amounts  to  about  y^^S 
the  weight  of  the  quicksilver^  the  alloy,  is  hiurd. and.  brittle. 
The  fluid  amalgam  dissolves. all,  the  metals,  even  thojse  with 
which  quidcsilver  alone  does  npt  combine.  Compounds  of 
the  metals  with  potassium  are  likewise  formed  by  heating 
an  excess  of  it  with  the  metallic  oxides,  on^  portion  of.it 
abstracting  oxygen  and  forming  potash,  the  other  uniting 
with  the  reduced  metaL  ..From  this  action  it  acts  on  glass^ 
reducing  the  oxides  of  iron  and  lead  which  it  contains,  ^n^ 
forming  potash,  which  dissolves  the  glass. 


After  this  account  of  the  prc^erties  of  pot^ssium^  it  re* 
mains  to  give. the  chemical  history  of  Potash* 

Potash  is  usually  procuried  from  the  combustion  of  land 
vegetables,  the  process  being  carried  on  in  those  countries 
which  abound  in  wood.  The  ashes  remaining  after  the 
combustion  being  lixiviated,  the  liquor  affords  on  evapora- 
tion, saline  matter,  which,  when  exposed  to  heat,  forms  a 
solid  white  mass.  This  consists  of  various  salts,  principally 
of  potash,  combined  with  carbonic  acid,  partly  also  of  po- 
tash Qc^mbined  with  sulphuric  and  muriatic  acids,  together 
with  siliceous  earthy  oxides  of  iron  and  manganese,  and 
occasionally  other  impurities.  The  alkaline  matter  i^  ob- 
tained in  different  quantities  iropi  di^ereht  vegetables :  the 
harder  woods  afford  mpr^  than  tho$e  that  .ar^  spongy, 
shrubs  more  th^ii  treps,  herbaceous  plants  a  quantity  still 
larger,  and  evcQ  different  parts  of  the  sa^e  plant  give  dif- 
ferent proportions  of  it ;  the  leaves,  froja  a  given  weighty 
yielding  more  than  the  branches,  and  the  branches  n^ore 
thiftn  the  trunk.  . 

Potash  is  sometimes  procured  from  other  sources,  and 
in  a  state  more  pure,  as  from  the  decomposition  by  heat  of 
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the  salt  named  Tartar,  or  the  deflagration  of  nitre  wA 
diarcoal,  itm  alkali  h&ng  the  base  of  tbese  salts. 

PoCaab,  as  obtained  by  all  these  proonRSy  is  ooBibBied 
with  carbonic  add.  To  abstract  this,  the  saline  matter,  the 
Snb-Carbonate  ci  Potash  as  it  is  named,  is  first  freed  finsai 
the  other  ingredients  by  hzi^iation,  and  evaporation  of  its 
•ofaiticm,  and  is  then  mixed  with  twice  its  weight  of  nseeni* 
1^  slaked  lime,  and  as  much  vrater  as  is  necessary  to  give 
llie  consistence  of  a  thin  paste:  this  is  pot  into  a  g^ass  fim« 
nel,  the  tube  of  which  is  obstructed  with  a  piece  of  Imen ; 
the  mass  of  Ume  soon  subsides,  so  that  the  liquid  portion 
filtrates  through  it  slowly,  and  water  is  occasionally  sidded, 
as  the  filtration  proceeds,  until  a  quantity  of  liquid  has  pass* 
ed  tbVottgh  ten  times  the  weight  of  the  sol>carbooate  of 
•potash  ^nployed.  The  lime  in  this  process  attracts  the 
carbonic  add^  and,  from  the  large  quantity  employed,  aod 
the  slowness  with  which  the  water  holding  the  a&ali  dis* 
solved  passes  through  it,  the  abstraction  is  more  coa^plete 
than  coold  be  obtained  by  any  other  arrangeme&C 

StiQ,  though  die  potash  is  thus  obtained  in  a  state  of  so* 
l|ition  nearly  pure,~  it  is  not  perfectly  so;  a  little  carbonic 
acid  remains  combined  with  it^  and  there  may  also  be  pre^ 
sent  smaB  portions  of  sulphate  and  muriate  ^potash,  and 
siliceous  earth.  To  obtain  it  in  a  state  of  purity,  di^^ent 
methods  have  been  proposed  \  that  which  is  generally  fol- 
lowed is  one  proposed  hy  Bertfaollet.  Potash  is  soluble  in 
aftohol,  but  is  insoluble  when  combined  with  carbonic  <^ 
sulphuric  acid.  The  alkaline  solution,  tberefiin'e,  obtained 
by  fitow  filtration  from  the  mixture  of  sub-carbonate  of  po* 
tash  and  lime,  is  evaporated  until  it  becpmeof  a  thick  con^ 
sistence,  and  there  is  then  added  to  it  an  equal  weight  of 
alkoboL     A  quantity  of  undissolved  matter  $id}side$,  a 
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4ikA'4xAaarfA  fiquid  fioate  tixuve  thts^  wkkb  i»  pviticipally 
water  |ioidmg  dissolired  potash  combined  with  earbonic 
acid  I  a  Hgbtcr  toloured  Hquor  is  above  this^;  it  is  drawa 
off,  and  is  partially  eytqwrated  in  a  silver  bason.  Oa  stand- 
iiig»  it  separates  into  twoliqciids  of  different  qsecific  gravi- 
ties, the  heavier  b^ii^tt  solution  of  the  alkali  with  jcarbonic 
aeid».  die  lighter  a  sdlotion  of  the  pure  alkali*  The  fatter 
is  poured  ot^  and  is  evqiorated,  so  that  On  cooling  it  shall 
either  depostte  crystals,  or  pass  into  an  irrieguiar  crystaUizi- 
ad  mass ;  a  small  portion  of  residnal  liquor  being  poured 
off,  the  potash  is  thus  obtained  in  a  soGd  fptm^ 

Potash  dius  prepared  is  obtained  by  ev&p(»ri{tie^  in  a 
solid  mass,  hard,  and  brittle^  of  a  greyish  white  colour.  If 
evaporated  to  a  less  extent»  it  crystallines  in  fi^rnfis  which 
are  modified  by  the  degree  of  evaporation:  it  is  thus  ob** 
tained  in  thin  plates,  in  slender  needles,  or  in  tetrahedral 
pyramids,  single  or  double^  th^  eimtaining  different  pot** 
lions  of  water  of  crystallization;  They  produce  odd  in 
dissolving  in  water,  while  ^he  solid  potash  produces  heat< 
Efeo  in  the  driest  ferm  to  which  it  is  reduced  by  evapora* 
tioit,  and  after  it  has  been  kept  in  fusion,  the  potash  ^e« 
tains  a  considerable  quantity  of  .water  combined  with  it^ 
apd  which  cannot  be  abstracted  from  it,  as  by  applying 
heat  to  expel  it,  the  potash  itself  is  at  length  volatilized^ 
sand  its  combined  water  is  separated  only  when  it  enters  in- 
to coipbinations.  The  quantily  has  been  variously  estima»> 
ted.  lyArcet,  by  whom  the  fact  appears  to  have  been  first 
observed,^«tated  it  at  0.27,  Berthollet  stated  it  at  0.14,  Be- 
rard  at  0.20,  and  with  this  last  estimate  that  by  Davy  and 
Oay*Lussac  nearly  ccMrresponds.  Th^  potash  in  this  state, 
as  well  as  in  its  crystallized  forms,  is  a  Hydrate :  in  the  latter 
the  proportbns  of  water  are  larger.    The  combined  water 
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gives  rise  to  a  coDtiderable  modification  of  properties.  The 
real  alkali  obtained  by  the  combuttion  of  potassium,  and 
heating  the  product  to  expel  the  excess  of  oxygen,  is  of  a 
greyish  colour,  harder  and  heavier  than  fused  potash^  with 
a  vitreous  fracture ;  it  requires  a  strong  red  heat  to  melt 
it,  and  a  higher  heat  to  volatilize  it  When  a  little  water  is 
added  to  it,  it  becomes  white  and  more  fusible  and  volatile. 
This  hydrate  melts  at  a  heat  of  $60%  and  is  volatilized  at  a 
low  red  heat.  It  still  has  a  strong  attraction  to  an  addi* 
tional  portion  of  water :  it  imbibes  it  rapidly  from  the  at* 
mosphere,  so  that  its  sur&ce  becomes  humid,  and  it  dis« 
solves  in  less  than  its  own  weight  of  water,  fbrming  a  so- 
lution dense  and  somewhat  viscid. 

Potash  has  the  distinguishing  alkaline  property,  that  of 
c(Hnbining  with  acids,  and  neutralizing  the  acid  powers, 
though,  as  a  larger  quantity  of  it  is  necessary  to  saturate  a 
given  weight  of  acid  than. is  required  of  ammonia  or  soda, 
it  is  perhaps  inferior  to  them  in  real  alkaline  power.  Its 
alkaline  strength,  however,  is  very  considerable  :  a  minute 
portion  of  it  changes  the  blue  and  purple  colours  of  vege- 
tables to  a  green,  and  it  is  so  powerfully  corrosive  as 
quickly  to  erode  and  dissolve  animal  matter. 

It  unites  with  oils  and  fats,  forming  soaps,  which  though 
concrete,  are  sofl  or  gelatinous. 

With  some  of  the  earths  it  combines  by  fusion,  and 
others  it  dissolves  even  in  the  state  of  its  watery  solution. 

It  has  little  energy  of  action  on  the  metals,  but  combines 
with  some  of  their  o:&ides.  It  unites  too  with  sulphur 
and  phosphorus,  rendering  them  to  a  certain  extent  solu- 
ble in,  water,  and  enabling  them  to  decompose  it  by  attract* 
ing  oxygen. 

According  to  Gay-Lussac  and  llienard,  it  combines 
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urith  an  additional  portion  of  oxygen>  by  expodng  it  to  the 
air  for  a  short  time  at  ajed  heat.  This  excess  of  oxygen 
is  expdied  by  the  action  of  water. 

.  From  the  numerous  and  powerful  chemical  actions  which 
potasl^  exerts^  it  is  applied  to  many  purposes  of  utility  in 
the  artSy  and  as  it  is  the  alkali  most  easily  procured,  it  is 
the*one  most  extensively  used.  -  It  is  thus  employed  in 
bleaching,  dyieing,  soap-making,  the  manufacture  of  glass 
and  others.  In  medicine  it  is  employed  as  an  antacid,  a 
lithontripttc^  and  an  escharotic 

BjBsides  being  produced  in  the  vegetable,  it  is  found  in 
the  mineral  kingdom,  leither  as  a  saline  cpn>bination,  or  as 
an  ingredient'in  some  earthy  fossils.  It  also  exists  in  se- 
veral of  tlie  animal  fluids  and  solids. 


J 


928  OF  SODA* 


CHAP.  III. 


OF  WD  A. 


OOOA  being  fonad  wate  esteaasivdj  diffJatwd  in  the  Huoe- 
ral  kingdom  than  either  of  the  othor  aUsalis,  has  been  de* 
nominated  Mineral  Alkali  The  term  Soda  is  that  nsa- 
ally  apfdied  to  it,  and  is  nnexcepdonaUe. 

On  the  discovery  cS  the  OMnpositicm  of  potash,  Sir 
H.  Davy  submitted  soda  to  the  same  method  of  anaiysi^ 
and  discovered,  that  it  aflEbrds  a  base  of  a  similar  nature. 
It  required  for  its  decomposition  rather  a  greatar  degree  of 
galvanic  power  than  potash  did  ;  but  when  this  was  app£- 
ed  in  sufficient  intensi^,  the  phenomena  were  similar ;  an 
effi^rvescence  was  produced  at  the  positive  side,  which  was 
found  to  arise  from  the  disengagement  of  oxygen  gas ;  aud 
at  the  lur&ce  in  contact  with  the  n^;ative  wire,  globules 
were  produced  having  metallic  lustre.  This  matter,  expos- 
ed to  the  air,  absorbed  oxygen,  and  reproduced  soda ;  the 
same  result  took  place  more  speedily,  and  with  the  phenol 
mena  of  combustion,  when  it  was  heated  in  oxygen  gas, 
or  when  d^opt  into  water,  a  solution  of  soda  was  formed, 
with  an  extrication  of  hydrogen  gas.  These  experiments 
seemed  to  lead  to  a  similar  conclusion  as  that  drawn  with 
regard  to  potash, — ^that  the>soda  placed  under  galvanic  ac- 
tion suffers  decomposition,  th  it  the  oxygen  disengaged  at 
the  positive  pole  is  derived  from  this,  and  that  the  metallic 
matter  collected  at  the  negative  side^  Sodium,  as  it  is 
named>  is  the  base  with  which  the  oxygen  had  been 
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oombined..  The  same  theory  is  probahlj  to  be  adc^ted 
with  regiard  to  this  as  with  regard  to  potaasiuin.  The 
strict  analogy  between  them  leads  to  the  ccmclusion,  that 
if  thie  latter  oontaia  hydrogen  combined  with  a  metallic 
base,  the  former  is  of  similar  constitution  ;  and  as  soda 
contakis  .combined  water  as  weQ  as  potash,  the  same  changes 
jooay  occnr  in  its  galvanic  decompoaUion. 

The  (Hiocess  of  Gay^Lussac  ^d  Thenard  of  decompose 
ing  the  alkali  by  iron,  does  not  succeed  so  easily  with  soda 
as  widi  potash :  die  easiest  process  for  obtaining  sodium) 
is  to  decompose  soda,  by  heating  ignited  muriate  c^  soda 
by  potassium.  . 

The  following  are  the  properties  of  Sodium  :  It  is  white 
.and opaque,  with  metallic  lustre,  having  the  general  ap« 
pearance  of  silver ;  it  is  very  malleable,  and  is  so  sc^  that 
"  with  a  8%ht  force  it  can  be  extended  in  thin  leaves,  a  soft- 
aea^  which  it  retains  even  when  cooled  to  32^  Though 
lUgfater  than  water,  its  density  is  considerably  greater  tksn 
that  of  potassium :  Mr  Davy  ^^imates  its  specific  gra^dty 
at  .9^48,  Gary- Lussac  at  •S722S.  It  requires  a  higher 
heat  to  melt  it  than  potassium  does :  at  120  it  begins  to 
lose  its  cohesion ;  at  180  it  is  fused :  it  is  also  less  volatile, 
Stt  it  remains  naced  even  at  i^tion. 

When  exposed  to  the  atmosphere  it  is  oxidated>  soda  be- 
ing formed  on  its  surfiMse,  which  deliquesces  slowly.  When 
heated  neaiiy  to  ignition  in  atmospheric  air,  the  combina- 
'Jtion  is  attended  with  combustion ;  and  when  heated  in  oxy- 
gen gas,  it  bums  with  a  vivid  white  light,  emitting  bright 
sparks*  Like  potassium  it  combines  with  oi^gen  in  diffe- 
rent proportions.  The  product  of  its  combustiop  is  an 
oxide  containing  one  half  more  oxygen  than  soda ;  it  is  ,a 
sobsunoe  of  a  dull  gceenish  colour,  fusiUct  and  loses  .this 
exce^  of  oxygen  bjr  the  action  of  water.     The  pix>por- 
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lioDsinsodiiare  74.5ofiodanD,  aiid25^<^o](ygai.  The 
existence  of  an  oxide  at  a  lower  degree  of  oxidatioii  is 
staled  by  Gsf^hataac :  it  is  of  a  greyish  odours  diiH  and 
Inittle^  and  is  obtained  by  the  same  prooess  as  the  protoxide 
of  potassiom* 

From  its  strong  attractioii  to  oxygoi,  sodium  decom- 
poses water  rapidly^  soda  being  fonned  by  its  oxygenatkn, 
and  hydrogen  disengaged;-  and  if  the  water  is  in  small 
quantity,  the  heat  produced  is  sach  as  to  inflame  the  sodimn. 
It  is  inflamed  too  by  nitric  acid,  and  is  rapidly  oxHiated 
by  the  other  addj.  It  also  attracts  oxygen  from  metallic 
oxides,  and  exerts  an  action  on  ammonia  similar  to  potas* 
sinm« 

Sodium  does  not  appear  to  be  dissolved  when  heated  in 
hydrogen  gas,  but  at  a  high  degree  of  heat  a  combinatbn 
between  them  19  established)  the  gas  burning  when  it  es* 
capes  into  the  air.  It  combines  with  sulphur  and  phospho- 
rus, the  combination  being  attended  with  the  evolution 
of  much  heat  and  li^t,  and  the  compounds  being  similar 
in  external  properties  to  those  form^  by  potassium  with 
the  same  inflammables.  ' 

It  unites  too  with  the  metals,  forming  compounds  which 
retain  the  general  metallic  properties.  When  combined 
with  qaicksilver  in  so  small  a  proportion  as  7'^,  it  renders 
it  fixed,  forming  a  solid  which  has  the  appearance  of  sil- 
ver. All  these  compounds  are  decomposed  by  exposure  to 
air  or  water,  the  sodium  by  absorption  of  oxygen  being 
converted  into  soda.  With  potassium  it  unites  in  various 
proportions  forming  alloys,  in  general  more  fusible  than 
either. 

Soda  is  usually  obtained  from  the  combustion  of  marine 
vegetablesi  of  which  difiereht  species  ^ord  it  in  different 
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4]tiaiitit;i6a  and  ^ates  of.  purity.  The  various  kintb  of  foci 
<»r  sea- weed  affard  in  this  country  the  impure  alkalin^  pTO>- 
duct,  known  by  the  name  of  Ke]p  \  on  the  shores  of  the  Me** 
ditep'aneant  the^salsola,  salicornia,  and  others^  iafibrd  the 
purer  barilla.  Even,  it,  contains  much  foreign  matter*: 
the  soda  is  oombined  with  carbonic  add,  ilhd  with  this  are 
-assckuated  muriate  and  sulphate  of  soda^  cbai*coal,  lime^ 
magnesiaj  and  siliceo»t^  and  argillaceous  earths. '.  The  ori* 
gin  of  the  soda  afforded^  by  the  process  hitot  altogether 
determined^  but  it  is  vmost  probable  that  it  is  ultimately  de- 
rived from  the  muriate  of  soda  with  which  these  plants  are 
from  th^i^  situaiian  supplied ;  as  when  they  are  tran^lant- 
ed  to  an:inisnd  situation,  it  is  established  by  the  experi- 
ments of  Du  Hamel  and  Cadet,  that- the ^quantity  they  af- 
ford diminishes  progressively,  and  after  some  years  they 
afford  only  potash.  Vauquelin's  experiments  prove,  that 
in  the  salsola  soda,  carbonate  as  well  as  muriate  of  soda  ex- 
ists previous  to  the  combustion*  : 

It  is  usually  from  barilla ,  that  soda  is  procured.  The 
barilla  in  powder  being  lixiviated  with  boiling,  water,  the 
solution  on  ev^oration  affords  crystals  of  the  salt  formed 
by  soda  with  carbonic  acid.  To  obtain  the  soda  from, 
this,  it  is  dissolved  in  twice  its  weight  of  water,  to  which 
is  added  as  much  lime  newly  slaked  as  gives  a  thick  con« 
vsistence:  this  being  poured  into  a  glass  funnel,  in  the  neck 
-of  which  a  piece  oUinen  is  put,  water  is  added  as  the  fil-  j 
tration  proceeds  aowly,  until  the  quantity  of  solutionis 
equal  to  five  or  six  times  the  weight  of  the  sub-carbonatb 
that  had  been  employed.  The  lime  abstracts  the  carbonic 
acid,  its  affinity  to^  it  being  aided  by  the  lai^  quantity  of 
it  used,  and  the  slowness  with  which  the  solution  passes 
through  it.  Still  the  soda  has  a  small  quantity  of  carbonic 
acid  combined  with  it :  to  obtain  it  pure,  therefore,  it  re- 
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qnires  to  be  sabmitted  to  the  action  citlkolbol,  in  the 
aer  described  under  the  faistiNy  of  potash:  diongh  the  pro- 
«e»  scarcdy  socceeds  so  welL  ' 

Soda  thus  obtained  is  in  the  state  of  a  scdid  white  mass, 
which  is  crystallized  with  difficult ;  its  ciystak  are  prismsi 
bat  are  not  r^;iilar :  even  in  its  driest  state»  it  contains,  like 
potash,  a  portion  of  combmed  water.;  which  cannot  be  ez^ 
peiled  by  he^ :  the  quantity  has  been  estimated  at  0.18.8, 
at  0.20,  and  at  0JSL5.  This  water  modifies  its  ^opactie^ 
the  alkali  obtained  by  the  oxidation  of  sodium  being'of  a 
grey  colour,  harder,  heavier  and  lessfoaUe  than  the  hy- 
drate. The  latter  melts  at  a  red  heat,  and  at  a  higher 
heat  is  vcdatilized.  When  e3:posed  at  aredheat  to  the  mr^ 
it  Qombines  according  to  Gay-Lussac  wkh  a  porticm.  of 
oxygen,  and  passes  to  the  oxide  at  the  maximum  of  oxida- 
tion. 

Soda  has  aD  the  alkaline  properties  equafly  with  potadi. 
It  is  acrid  and  caustic,  and  abundantly  soluble  in  wator. 
It  changes  the  vegetable  colours  to  a  green,  and  ecwsfaines 
with  the  acids,  neutralizing  the  acid  properties :  with  oils 
it  forms  soap ;  with  siliceous  earth  it  unites  by  6xmm  and 
forms  glass :  it  combines  too  with  sulphur  and  phosphorus, 
rendering  them  soluble  in  water,  and  enabling  tibem  to  de- 
compose it. 

So  close  b  the  resemblance  in  propertiies  between  these 
two  alkalis,  that  the  distinctions  between  them  require  ra- 
ther minute  attention  to  discover  them.  Soda  appears  to 
have  a  less  strong  attraction  to  waiter ;  in  their  comhtna- 
tions  they  can  be  at  once  distinguished,  die  *salts  foxned 
by  the  one  united  with  the  acids,  having  qualities  altcge- 
di^  diiferait  from  those  of  the  other.  £oth  are  apfdied 
to  the  same  purposes. 
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BOOK   IV. 

OF  EARTHS  AND.  THEIR  BASES. 

J  H£  earthy  aggregates  which  occur  iii  nature  are  usually 
het»x>geneous  or  compound ;  but  by  analysing  them,  che* 
mi^ts  have  arrived  at  the  knowledge  of  a  few  substances, 
^df  no  lustre  or  tranysparency,  having  a  loose  texture,  inso^ 
Ittble  in  wateri  or  sparingly  soluble,  uninflammable,  diffi- 
i^ultly  fiisible,  and  of  moderate  specific  gravity.  Tbese  re* 
sitting  farther  analysis,  diey  regarded  as  simple  substances^ 
distinguishing  them  by  the  name  of  Earths,  and  thus  affix- 
ing to  this  term  a  signification  dif&rent  from  that  which 
it  has  in  popular  or  even  in  roineralogical  language,  four 
substances  of  this  kind  were  known  to  the  older  chemists, 
#i}ex,  argil,  magnesia,  and'  lime : .  barytes  and  strontites 
were  afterwards  made  known,  and  more  lately,  zircon,  gin- 
eioe,  and  ittria  have  been  added  to  the  number. 

The  important  discovery  has  also. been  made,  that  they 
are  not  simple  substances  but  compounds,  their  bases  be- 
ing somewhat  similar  to  those  of  the  alkalis,  and  these 
bases  being  united  with  oxygen.  From  the  rimilarity  of 
the  earths  to  metallic  oxides,  they  had  often  be^  sup- 
posed to  be  of  a  metallic  nature,  and  their  reduction  had 
^  feequently  been  attempted,  and  at  one  time  had  even  been 
supposed  to  have  been  accomplished.  This,  however, 
wa^  a  mistaken  result,  and  nothing  was  known  with  re- 
gard to  their  composition,  tmtil  Mr  Davy,  after  Im  4^o* 
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very  of  the  cfaeniical  oonstitnticHi  of  the  alkalis,  sobmitt^ 
the  earths  to  the  action  of  galvanism.  Though  results 
were  obtained  indicating  their  coniposition»  these  were 
less  perfect  than  those  obtained  with  regard  to  the  alkalis, 
owing  partly  to  the  strength  of  aflSnity  between  their  prin- 
ciples, partly  to  their  being  less  perfect  electrical  conduc- 
tors* By  submitting  them  to  the  galvanic  action  in  mix- 
tore  with  potash,  or  with  metallic  oxides,  results  more  dis- 
tinct were  obtained :  and  a  method  employed  by  Berzelios 
and  Pondn  proved  still  more  sucoessiul, — ^pladng  them  in 
the  galvanic  circuit  with  quicksilver.  They  thus  obtained 
the  metallic  bases  of  barytes  and  lime  in  combination  with 
the  quicksilver.  Mr  Davy,  by  the  same  method,  decom- 
posed strontites  and  magnesia.  By  submitting  silex,  argU, 
2ircon,  and  glucine,  to  the  action  of  the  galvanic  battery 
in  fusion  with  potash  or  soda,  or  in  contact  with  iron,  or 
by  fusing  them  with  potassium  and  iron,  appearances  were 
obtained  indicating  their  decomposition,  and  the  produc- 
tion of  bases  of  a  metallic  nature :  and  there  can  remain 
little  doubt,  that  all  the  earths  are  compounds,  and  of 
similar  constitution. 

The  metallic  bases  of  the  earths  approach  more  near- 
ly than  those  of  the  alkalis  to  the  common  metals,  and 
the  earths  themselves  have  a  stricter  resemblance  than  the 
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alkalis  to  metallic  oxides.  Yet  there  are  also  grounds  for 
retaining  their  distinction  as  a  natural  order,  forming  the 
link  which  connects  the  alkalis  with  the  metals. 

Of  the  characters  assigned  to  the  earths,  none  can  be 
regarded  as  altogether  distinctive.  They  are  usually  said 
to  be  insipid ;  but  there  are  three  of  them,  barytes,  stron- 
tUes,  and  linie,  which  have  a  strong  taste  :  they  have  also 
been  considered  as  insoluble  in  water  $  but  these  earths  are 
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soluble  to  a  certain  extent*  Infusibiltty  is  a  character  less 
equivocal)  as  there  is  none  of  them  butwh^t  requires  a 
yery.int^se  heat  for  its  fusion.  They  are  altogether  un^ 
iaflanunable)  a  property  obviously  arising  from  their  being 
substances  saturated  with  oxygen.  BaryteS)  however,  ab« 
sorbs  oxygen  at  a  high  temperature,  a  property  in  which 
it  resembles  the  fixed  alkalis.  In  common  with  metallic 
oxides,  they  are  destitute  of  metallic  lustreand  opacity. 

The  earths  combine  with  the  acids  and  neutralize  the 
acid  properties  \  these  combinations,  in  the  laws  they  ob- 
serve, and  the  compounds  to  which  they  give  rise,  being' 
umilar  to  those  which  the  alkalis  form  with  the  acids. 
There  is  an  exception  to  this  in  one  earth,  silex,  which,  in 
the  humid  way,  scarcely  unites  with  any  acid  but  the  fluo« 
ric,  and  with  it  does  not  produce  the  state  of  neutraliza* 
tion.  It  is  the  substance,  therefore,  which  is  at  once  most 
remote  from  the  alkalis,  and  from  the  metallic  oxides. 

One  property  has  been  assigned  as  distinctive  of  the 
earthy  from  the  metallic  salts,  that  the  solutions  of  the 
former  are  not  precipitated  by  prussiate  of  potash*  This 
is  not,  however,,  without  >  exceptions,  the  earth  named 
ittria,  and  also,  as  Klaproth  has  affirmed,  zircon,  giving 
precipitates  with  this  test.  In  general,  the  earthy  salts 
are  not  much  altered  by  infusion  of  galls,  a  re-agent  which  ' 
so  sensibly  afiects  metallic  salts :  neither  are  they  coloured. 
fttHa  affords  also,  however,  an  exception  to  this,  some  of 
its  salts  having  a  red  colour,  and  being  precipitated  by  in* 
fusion  of  galls;  and  from  these  circumstances  it  ought  per- 
haps to  be  transferred  to  the  class  of  metals,  though  it  has 
not  been  actually  reduced  to  the  metallic  state. 

Several  of  the  earths  combine  with  sulphur  and  phofh 
phorus,  and  render  them  solubk  in  i^^ater. 
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The  earths  and  alkalis  combiiie*  Bjpfbsion  widi  dtfier 
of  the  fixed  aHuilis,  they  ferm  (passes,  and  the  alkali  di* 
gested  with  water  on  seyeral  earths,  dBssolves  a  portion 
of  them*  Tbejr  combine  with  the  metalHc  oxides  by 
fusion,  forming  coloured  glasses,  and  they  even  exert  mn* 
tual  affinities  in  the  humid  way,  producing  in  their  mix- 
ture moistened  with  water  a  degree  of  induratioii. 

Lastly,  the  earths  exert  affinities  to  each  other.  Seve* 
ral  of  them  combine  by  fosion,  forming  glasses  more  or 
less  transparent.  ^  And  when  boiled  together  in  water,  it 
fi«quently  happens,  that  an  earth  insohible  by  itself  is  dis- 
solved by  the  affini^  exerted  to  it  by  another  earth,  which 
is  itself  of  sparing  solnbilily.  Their  mutual  affinities 
erted  in  the  humid  way  is  well  displayed  by  anodier 
that  if  solutions  of  two  earths  in- the  same  solvent  be  wix* 
ed  together,  they  in  different  cases  combine,  the  power  of 
the  sdlvent  is  overcome,  and  they  form  an  insoluUe  pred^ 
pitate.  And  in  all  these  combinations,  the  earths  modify 
materially  the  properties  of  each  other. 

Of  the  different  earths,'  barytes,  strontites,  and  time 
have  properties  considerably  analogous  to  those  of  the  al- 
kalis. They  are  to  a  certain  extent  soluble  in  water; 
their  solution  has  an  acrid  taste,  and  changes  the  vegeta- 
ble blue  and  purple  colours  to  a  green.  They  have  hence 
been  named  Alkaline  Earths,  and,  as  has  been  already  it- 
marked,  it  has  even  been  proposed  to  transfer  them  fix>m 
the  class  of  Earths  to  that  of  Alkalis.  They  are,  on  the 
whole,  however,  more  strictly  connected  with  the  other 
earths ;  and  they  may  be  placed  at  the  head  of  the  order, 
forming  the  transition  irom  the  alkalis. 
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CHAP.  I. 


OF  BARTTES  AND  ITS  BASE. 


i  HIS  earth  was  discovered  hy  the  Swedish  Cbeinist8» 
Scheele  and  Gahn.  It  received  the  name  of  Terra  Poa«' 
derosAy  &am  the  great  weight  of  s(»ne  c^its  coml»nati(»is» 
a  name  changed  by  Kirwan  to  Bary tes.  It  occurs  in  nar 
ture  combined  with  sul{^uric  acid  and  carbonic  acid. 

This  earth  had  always  been  supposed  to  be  of  a  metallic 
nature^,  partly  fifom  the  great  )|i^eigfat  of  its  native,  combi- 
nations^ and  partly  &om  some  of  its  saline  compounds 
proving  poisonous  to  animals.  Mr  Davy,  on  placing  it 
sightly  moistened  alone,  or  mixed  with  potash,  in  the  gal- 
vanic circuity  obtamed  appearances  of  decdknposition,  and 
the  evolution  of  metallic  matter.  The  methdd  discovered 
by  berzelius  and  Pontin,  of  placing  the  barytes  in  contact 
with  quicksilver,  in  communication  with  the  negative  side 
of  the  galvanic  battery,  succeeded  more  completely  ;  the 
quicksilver  had  its  fluidity  diminished,  and  on  exposing  it 
to  the  air,  it  became  covered  with  a  film  of  barytes.  And 
the  experiment  was  still  more  successful  in  substituting 
oxide  of  quicksilver.  An  amalgam  was  thus  obtained, 
from  which  the  quicksilver  was  separated  by  distillation, 
leaving  the  metallic  base  of  the  barytes,  a  substance  which 
Mr  Davy  named  Barium,  and  which,  as  obtained  by  this 
experim^t,  be  found  possessed  of  the  following  properties. 

It  k^cMf  of  a  white  colour,  with  metallio  lustre,  b^incr 
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a  resemblance  to  sOver.  It  melts  at  a  beat  inferior  to  ig^ 
nition,  bat  is  not  volatilized  even  when  heated  to  redness* 
Exposed  to  the  air,  it  tarnishes  rapidly,  and  falls  into  a 
white  powder,  which  is  baiytes,  oxygen  being  absorbed. 
Dropt  into  water,  it  immediately  decomposes  it,  evolving 
hydrogen,  and  being  converted  into  barytes.  It  sinks  not 
only  in  water,  but  in  sulphuric  acid,  and  Mr  Davy  sup- 
posed it  to  be  four  or  five  times  heavier  than  water.  It  is 
flattened  by  pressure  strongly  applied.  He  was  unable  to 
determine  the  proportion  of  oxygen  with  which  it  is  com* 
bined  $  but  he  has  since  supposed,  from  indirect  experi^ 
ments,  that  the  earth  consists  of  89.7  of  barium,  and  10.3 
of  oxygen.  According  to  Gay-Lussac  and  Thenard^ 
barytes,  when  heated  in  contact  with  the  air  or  with  oxy- 
gen gas,  absorbs  oxygen  rapidly;  it  thus  vitrifies  at  the 
surface,  and  becomes  of  a  greyish  colour;  this  excess  of 
oxygen  it  yields  to  infiammable  bodies  :  it  also  parts  with 
it  on  the  contact  of  water.  Barium,  therefore,  likd  potas- 
sium and  sodium,  appears  to  be  susceptible  of  various  de- 
grees of  oxidation,  and  the  lower  oxide  forms  the  alkaline 
earth* 

Barytes  is  procured  either  from  the  native  carbonate 
or  sulphate.  From  the  former  it  is  obtained,  as  Dr  Hope 
shewed,  by  urging  it  with  the  powerful  heat  of  a  forge  fire 
in  a  black  lead  crucible,  the  carbonic  acid  being  expelled ; 
and  by  dissolving  the  residual  matter  in  water,  the  barytes 
may  be  crystallized.  The  sulphate  may  be  decomposed 
by  exposing  it  to  a  red  heat  for  two  hours  in  a  covered 
cruciblC)  mixed  with  one-third  its  weight  of  charcoal 
By  adding  water  to  the  residual  matter,  a  compound  of 
barytes  with  sulphur  and  sulphuretted  hydrogen  is  dis- 
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i»>lved  I  from  thU  th^  bary tes  nmy  be  p)*^ei|i^4ted  ii^  the 
aUte  of  c«rbonQte>  by  the  ^iddUioo  of  carban«|^  of  p9ta£ih; 
or  by  adding  nitric  acid)  nitrate  of  bai^tea  h  fpiMed,  and 
can  be  obtained  crystaUi^ed ;  and  either  the  carbonate  or: 
nitrate  thiis  procured  can  be  decoooposed  by  e3ii;po8iu^  tot 
heat,  and  the  pure  earth  obtained*  ! 

As  afibrded  by  these  processes,  U  ii^  in  the  j|ta^!of  a  gre)r» 
solid  mas9 ;  its  taste  is  extreipely  hstBsik  ^n^.^austio*:  Ex-^ 
posed  to  the  air  it  splits,  falls  to  piecesi  apdi9^  li^Dglll 
xeduoed  to  ^,  white  powder^-'^chimges  'a<ia}c>goii9.  tof  th^ 
slaking  of  Uine,  and  4risin^  ftw^  absdrptioii  4^f  ^ter» 

Baryte^  Is  ahvays  in  the  ^tate  of  a  ih^^^rat^i  when  obtain- 
ed by  the  m^ediiinaf  of  water ;  but  wh^  obtaindd  firom  the 
decompo^itipn  of  the  nitrate  by  beat,  itapp^r^  to  be  fr^^ 
or  nearly  qo,  from  cppibin^  watet*  It;iii^)tben  in  the  form 
of  a  grey  solid  mass,  hating  a  sp^ificgi^aYit)^  of  4> :  on  ex* 
posure  to  the  air,  it  slakes  and  fa^s  to  ponder,  gaining 
weight  from  the  absorption  of  watf^r  $  a  $i(ni]air  change  ia 
produced  by  the  affusion  of  ^ater*  When  a  su£Bcient 
quantity  ^^  added,  it  dissolves,  and  afterwards  consolidates 
in  transparent  needle-like  crystals  as  the  solution  cools. 
The  dry  ppwder,  after  exposure  to  a  red  heat,'  seems  to 
contain  about  0.09  of  combined  M^ater ;  the  crystals  con* 
tain  a  coqsiderably  larger  quantity.  The  influence  of  the 
affinity  of  water  to  baryte^,  in  aiding  the  decomposition  of 
its  salts,  has  been  alu^dy  noticed,  (page  2d9)>  and  is  to  be 
more  fully  explained.  The  fusibility  of  this  earth  Jias 
been  variously  stated,  according  as  it  is  coimbined  or  not 
with  water*  The  crystals  melt  at  a  very  moderate  heatj 
but  this  is  from  aqueous  fusion,  and  ais  the  water  is  dissi- 
pated, a  dry  powder  remains,  which,  by  an  increase  of 
heat,  may  be  i^aelted  into  a  semi*transparent  glass.     The 
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fusibility  of  this,  howcY^,  is  still  owing  to  the  presence  of 
water  i  for  wheo  this  is  expelled^  or  when  the  real  baryteSv 
obtained  from  the  decomposition  of  the  nitrate  is  sobmit* 
ttA  to  ei^rimefbt,  the  most  intense  heat  is  necessary  to 
produce  (imon. 

Barytes  is  soluble  in  water,  but  tlie  d^ee  of  its  solubt-^ 
lity  has  also  been  variously  estimated,  according  to  the 
quantity  of  combined  water' it  contains*  The  crystal- 
lized barytes  is  soluble  in  17.$  of  water  at  60^:  kk  a 
drier  state  it  requires  about  25  parts ;  boiling  water  dis* 
solves  one  half  its  weight,  and  the  solution  a£K>rds  crystals 
on  cooling.  The  crystals  are  described  by  Dr  Hope>  who 
observed  the  crystallization  of  this  earth,  as  flat  six-sided 
prisms  ^^M^uminated  by  four  planes.  They  lose  their  wa- 
ter  on  exposure  to  the  air,  and  they  buffer  the  same  change 
from  the  application  of  heat  The  watery  solution  has  a 
strong  acrid  taste,  and  changes  the  vegetable  blue  colours 
to  a  green  ;  a  film  forms  on  it  when  exposed  to  the  sir 
from  absorption  of  carl^nic  acid. 

Barytes  combines  with  the  aeids ;  and  as  it  decomposes 
a  number  of  the  salts  which  the  alkalis  form  with  the 
acids,  k  has  been  supposed  to  exert  to  them  stronger  at* 
tractions.  These  decompositions  appear,  however,  rather 
to  be  owing  to  the  exertion  of  the  fdrce  of  cohesion,  from 
the  insolubility  of  the  compounds  which  it  forms  with 
these  acids,  thkn  to  superior  strength  of  affinity  :  hence  it 
is^  only  with  regard  to  those  acids  with  which  it  forms  in- 
soluble compounds,  that  this  e^t  is  observed;  and  in  the 
power  of  neutralizing  the  aci  J  properties,  it  is  inferior 
to  the  alkalis,  and  to  the  greater  number  of  the  other 
earths. 

Barytes  unites  by  fusion  with  the  fixed  alkalis,  and  like* 
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wise  witb  several  of  the  earths ;  there  are  others  with  which 
it  does  not  combine.  It  combines  with  several  of  them  in . 
the  humid  way,  and  communicates  to  them  solubility,  or 
otherwise  modifies  their  properties.  Thus  it  renders  argil 
soluble  in  water,  and  silex  it  enables  to  combine  with  dif- 
ferent acids.^ 

It  combines  with  sulphur,  eilhisr  l5y  fusion  or  by  boiling 
in  water,  and  by  a  resulting  affinity  enables  the  sul|)hur  to 
decompose  the  water.  It exerts  a  similar  action  on  phos- 
phoms.    And  it  unites  with  several  metallic  oxides.' 

A  diemieal  property  Which  has  been  assigned  to  baty*- 
tes^  as  (£skinctive  of  iti  is  that  ofita  salts  giviBg  a  precq^i** 
tate  with  prussiate  of  p^ytash,  a  property  not  belonging  to 
the  other  earths,  but  characteristic  of  the  metals.  Thb 
pirecipitation,  however,  arises  front  the  impurity  of  the 
prussiate.  When  pure,  no  immediate^  precipitation  is  pro- 
duced by  it  in  the  bai^tic  salty  though,  after  a  few  hours, 
if  the  solution  is  sufficiently  concentrated,  crystals  of  prus- 
siate of  barytes  are  formed*       .   :    . 

Tjiis  earth  ex^rts  considerable  activity  on  the  living  sys* 
tern,  and  several  of  its  salts  prove  even  poisonous,  s 
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CHAP.    III. 


OP  STnONTITCS. 


i  HE.Pfilive  €»rboDate  of  strontites,  foond  at  the  mine  of 
Strontidm  to  Argyleabiret  had  been  oooaidered  as  a  Tariely 
^  carbofiaie  of  Uurytesy  until  Dr  Hope  shewed  that  the 
4«rtb  it  oc»taiiis  is  difierent  from  barytes  and  from  aiijr 
fOther*  He  at  the  same  time  pointed  out  its  principal  pit^- 
p^rties  and  chemical  relations.  Klaproth  also  and  Peile- 
tier  Afterwards  demonstrated  the  existence  of  this  as  a  dis- 
tinct earth.  It  derives  its  name  from  the  place  where  it 
.was  first  found.  It  has  since  been  disoov^ed  native  in 
different  countries  in  the  state  of  sulphate. 

The  decomposition  of  this  earth  has  been  eflfected  ^y 
submitting  it  to  the  action  of  galvanism^  in  contact  with 
quicksilver,  in  the  same  manner  as  barytes,  and  by  a  simi- 
lar process  its  base  has  been  obtained.  To  this  base  Mr 
Davy  gave  the  name  of  Strontium.  Its  properties  have 
been  only  imperfectly  examined.  In  lustre,  colour,  speci- 
fic gravity,  and  other  physical  properties,  it  appeared  to 
be  similar  to  the  metallic  base  of  barytes ;  by  exposure  to 
the  air  it  is  converted  into  strontites,  absorbing  oxygen, 
and  gaining  weight  in  this  conversion. 


Strontites  is  obtained  from  either  the  native  carbo« 
nate  or  sulphate,  by  processes  the  same  as  those  which 
have  been  described  under  the  history  of  barytes.     It  is  in 
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tfae  state  of  a  dry  solid  ttia^  hhnng  a  speQi6c  gravity  bet 
tween  S  and  4*  By  diinoIvUig  it  in  boUibg  water,  and  i^t 
lowing  the  solution  to  cool,  crystals  are  formed  an  ii^h  ill 
kngthi  the  form  of  which  i»  a  diin  quadrangular  tablet .  or 
comprewed  prism,  iomMimes  t^ie^elled  at.the,€p(;treinitie9:( 
they  ai^e  transparent^  bat  become  white  and.opaqiiepil 
expofture  to  the  air,  frdm  losing  tbe\i;  wati^r  of  ery^t^i^ar 
tion.  The  taste  of- this  earth  is  le^S  hftrsh  than  llaial^^ 
barytc%  audit  ia  not  pdaonoas. 

.Cr^slatlis^  strontitea.expos^  ti>  heat  li^Uefi^ , froiD 
the  atigmented  solvent :  power  o£  th^  wat^er  of  cvy^Ili^ 
lion  $  nAk&k  Uiisis^xpeUedy  lb«  crystals  l^se  0«$a  ^  wl^igbt* 
atid  a  .dry  powder  remainto^  which  >  is^  |^obiA)y>  a  hfd^Hf!$ 
m  a  similar  powder  is  prodAceAtby  tfa^  a0«)si0i1  of  wat€^ 
on  the  ignited  earth,,  obtained  l^y^lbd  decQtnppttitiop.  of  tb$ 
nitrate.  TThis  powder  cannot! ^be  fused.eir^^n  bj?  si.Mery  int 
tense  heat.  .    , 

Strontites  is  soluble  in  water,  the  cry«tak.vequiring  50 
parts  at;60!' ;  boiling  water  dissolves  half  ils  weight  j^arly* 
In  its  diy  and  uncarystallized  state,  it  requires  a  muoh 
larger  quantity,  nearly  200  parts  at  60;.  .  The  aototion 
>  changes  the  vegetable  colours  to  a  green.  This  enrth  is 
likewise  sohtble  in  alkohol. 

Strontites  combines  with  the  acids  formi^gf  saltSt  of 
which  some  are  soluble  and  crystallizable ;  others  insolu- 
ble. The  same  superiority  in  strength  of  affinity  has  been 
ascribed  to  this  earth  as  to  barytes,  from  its  decomposing 
the  salts  of  the  alkalis  and  other  earths,  but  this  probably 
arises  from  the  same  cause,  the  insolubility  of  the  com- 
pounds it  forms  with  the  acids  of  the  salts  in  which  it  oc- 
casions these  decompositions^  Its  salts  are  in  general  de- 
composed by  barytes.    Disitolved  in  alkbhol,  they  give  it 
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the  property  of  burning  with  a  bkx)d  red  flame,  a  proper- 
ty which  has  been  assigned  as  one  of  those  distinctive  of 
this  e^rtb. 

Strontites  exerts  no  peculiar  action  on  the  alkalis,  not 
in  general  on  the  other  earths,  though  with  some  <^  ^le 
latter  it  coralHnes  by  fusion.  It  unites  with  sulphur ;  the 
compound  is  soluUe  in  water,  and  at  the  same  time  de- 
composes it.     On  phosphorus  its  action  is  similar. 

This  earth  resembles  baiytes  in  so  many  oi  its  proper" 
ties,  that  distinctive  characters  require  to  be  pointed  cmt, 
by  which  they  may  be  discrimiaated*  Strontites  is  less 
soluUe  in  water ;  the  forms  of  its  crystals  are  di£kr»t ;  k& 
salts,  particularly  the  nitrate  and  muriiate,  are  considerably 
more  soluble  in  water,  and  their  solubility  is  augmented 
in  a  greater  ratio  by  heat^  they  are  decomposed  by  bary* 
tes ;  and  they  give  a  blood  red  colour  to  the  flame  of 
combustible  bodies.  Two  re*agents  distinguish  them  in 
their  combinations*  The  watery  solution  of  strontites  is 
not  like  that  of  barytes  precipitated  by  mallic  or  gaUic 
add :  and  when  the  salts  of  strontites  are  decomposed  by 
oxalic  acid,  the  precipitate  is  not  redissolved  by  an  excess 
of  acid,  as  that  from  the  barytic  salts  is;  nor,  if  the^solu* 
tions  are  dilute,  does  the  precipitate  appear  from  the  bary-* 
tic  salts,  while  it  is  sensible  from  those  of  strontites. 


OF  LIME. 


343 


CHAR  III. 


OF  LIME. 


,4  HiseflME^b  exists  in  greftt  abundance  ^n  xiJ|tHrc>  usuj^y 
Ja  cotnbiiiatipn  with  acids*  Its  coinpound  with  carbonic 
^id  forms  the  numerous-  varieties  of  marble,  limestone^ 
^balk  an4  mart:  with  sulf^nrie  acid  it  forms  gjrpsum  of 
l^aftt^r  st<Hie  i  and  in  %hem  und  other  s^iUne  combinations 
it  exists  in  the  water  ot$ptia^  in  die  water  of  the.  ocean* 
in  vegetable  and  in  anim^  i^atler.  ,     ' 

Subositted  t^^^elLctipnof. galvanism. in  higbJntensityt 
lime  in  Sir  H«  Davy's  e¥pei;iments  gave  indications  of  de» 
composition!}  and  wbe^  t^e  method  described  under  the 
lilistpry  of  b^rytes  was  employed)  be  obtained  the  amalgam 
of  its  base.  This  amalgam  exposed  to  the.  air  or  to  water^ 
absorbed  oxygen,  lime  being  reproduced.  In  an  experj- 
xnent  designed  to  obtain  the  base  in  an  insulated  state  by 
distiUing  the  quipMlver  frpm  it,  the  ,tube  toc&e  while 
warm,  and  at  the  moment  that  the  air  entered,  the  metal, 
which  had  the  colour  and  lustre  of  silver,  took  fire,  and 
burnt  ,with  an  int^ise  white  light  into  quicklime.  To  this 
base  Mr  Davy  gave  the  name  of  Calcium. 


,  Lime  is  obtained  with  most  fiusility  from  the  native  car- 
bonate, from  which,  by  a  strong  heat,  the  carbonic  acid 
may  be  expcJled.  This  process  is  conducted  on  a  large  scale 
fail  the  different  varieties  erf*  limestone.    As  it  is  notpb|;ain<» 
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ed  ahogecfaer  pure,  the  chemist,  to  have  it  in  a  state  oTpa- 
litjt  disdolves  marble  or  chalk  in  dilated  muriatic  add*) 
leaving  an  excess  of  lime  undissolved  :  any  precipitate  a& 
forded  by  the  addition  of  pure  ammonia  is  separated  ;  ar- 
gil or  magnesia  is  thus  separated ;  the  solution  is  then  de- 
composed by  carbonate  of  potash  or  soda,  and  the  carbo- 
nate of  lime  being  washed  with  water  and  dried,  is  decom- 
posed by  heat. 

.  Lime  is  white,  moderately  bard  and  britde :  ea^oscd  to 
the  air  it -quickly  absorbs  water,  which  dimibiabes  its  co- 
fcesicm,  and  causes  it  to  fall  4&wn  into  a  white  powider  ex* 
tremely  ifine ;  this  is  the  slakiBg  of  limei.  It  takes  plaoe  ra>> 
fridly  from  the  affiKion^witttf;  the  (piantky  absorfafid  it 
^ual  te  0ne-fottfrti  ^ihe  weight  of  the  lime ;  and  from  its 
transition  to  a  solid  state  in  ooinbiD^g  witk  the  litne,  dl* 
loric  is  evdlvedi  producing  coniidenJile  heat.'  'Tlhisiiy- 
dratecohtaitlBabotat0.2^of#ac^.  .:i  ir-  .; 

Lime  is  4nfo»ibi^  kt  feast  itilbes  not  iiieit  in^thiimeOBt 
heat  excited*  by  the  coneentratAHi'^of  the  sobir  fays  by  tlie 
most  pDwetfuibuTfiing  tniitor,  «r  xbdt^xtitM  in  the  burn- 
ing of  combiistiUie -matter. b)r;i<^^eii  gfts* 

It  is  solabie  in  Water ;  it'^^ri^^^riUi  ^  ^giriltrity  of  be- 
ing less  soluble  ih  hot  tbAn' in  c(M%ater :  water  at  M^ 
dissolving  ^V^'Of^linie^  or\^HhthfdStme  of  liine  i  wbik  Bit 
21fi^  it  dissolVeiF  Aonly  ^r^Vtr  ^  the  foi'mer,  or  ^^  of  the 
latter.  The  kihitioA,  Liin^  w^^teif  as  it  is  naitied,  kasa 
strong  styptic  castey  and  ^angttt  the  vegetable-  blue  and 
purple  colours  to  a  green.  Exposed  to  the  air,  a  film 
forms  on  its^rAice  friom  the^  ^dMorption  oi  carbonic  acid, 
Mid  the  whole  of  the  Uibe.  nearly  in  at  length  precipitated 
ki  the  stfi^  of  cArbonnte. '  lEfae  «fMi|e  absorption  of  carbo« 
nic  acid  titkes  plate  in  dvjrUfive^  though  mtieh  more  sk^lyi 
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With  the  acids  lim^  combines,  neutralizing  the  acid 
properties.  Its  salts  are  in  general  decomposed  by  potash 
or  soda,  either  of  which  precipitates  the  lime  from  their 
solutions;  but  not  by  atnmonia,  probably  &om  the  tenden- 
cy whch  this  alkali  has  to  forni  a  ternary  compound  with 
the  acid  and  the  lime. 

Lime  does  not  combine  with  .the  fixed  alkalis  by  fusion, 
nor  with  barytes  or  strontites  ;  but  it  unites  either  in  the 
•Isiiinid  Way,  or  by  the  application  6f  heat,  with  magnesia, 
"«[!gil'liad  slkx. 

It  ^combines  willi  i^ulphur  and  with  phosphorite^  rendco^- 
ing  tji^Ai  selubfo  in  water,  and  capable  of  deocnnpcsiiigl  ft 
at  a  W  v^mpefTMteare.  It  meks  too,  with  serial  ■  of  fte 
-n^t^Ufe  okldes,  *  forming  coloured-  glasses ;  it  even  exerts 
affinities  to  several  of  them  in  the  humid  way,  «nd  in  cdq- 
vakiQefice  of  tjiese  caffihities  promotes  >  the  esadation  of  the 
tiietals  tfaettiselves  by  theaotion  of  air^or  waten 
>  :<OI^  the^dalferent  eartiis^  lime  is  most  extensivvty  iisbi« 
'ir  iSMAppfiad'^s  (ft  manure  in  agrieulture ;  it  forms  the  ba- 
'^i  4^i^1n«^«ta^;  tbeindaraticmof  which  depends  on  the  gra- 
dual ihtim^ie  dodibination  whicii  the  lime  forms  wiih  die 
'Wkter;  apdili  prabtica'l  ehemistry,  and  many  of  the  diemical 
aMi^^it  adiiMts  of  numerauB-  applieaticms  from  its  chemical 
ngehdies.  :It  Is  highly  toi^iroiite,  erodes'  and  dissolves  ani-* 
anal  diab:er,>sitid  faftttenB-tbe' decomposition  of  a  number  of 
vie^6t»ble  produ^si- 
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CHAP.  IV. 


OF  3IA6NESIA. 

1  SIS  eartb^  in  the  state  of  carbonate,  bad  been  employed 
in  medicine,  and  bad  been  considered  as  analogous  to  caih 
-  bonate  of  lime.  Hoffman  observed,  that  it  forms  with  sul- 
phuric add  a  salt  vier;  different  from  that  formed  by  liooK^ 
with  the  same  acid.  And  Dr  Black,  discovering  its  princi- 
pal properties,  proved  it  to  be  essentially  different  from  the 
other  earths* 

II  is. not  mneb  affected  by  galvanism,  pn^ably  from  tbe 
difficulty  of  rendering  it  a  conductor  of  electricity.  JivA 
when  some  of  its  saline  compounds  are  submitted  in  the 
usual  manner,  in  contact  with  quicksilver,  to  galvanic  ac- 
tion, an  amalgam  is  obtained»«which  appears  to  contain  the 
metallic  base  of  magnesia,  as  this  earth  is  formed  on  its 
surface  by  exposure  to  the  air.  From  this  amalgam.  Sir 
H.  Davy  found  it  difficult  to  expel  the  whole  of  tbe  quick- 
.  silver,  the  glass  tube  in  which  heat  was  applied  to  it  being 
acted  on.  In  one  experiment  a  solid  was  ob^ined,  having 
the  white  colour  and  the  lustre  of  the  metallic  bases  of  tbe 
other  earths,  which  sunk  rapidly  in  water,  producing  mag- 
nesia, and  was  also  covered  with  a  crust  of  magnesia  on 
exposure  to  the  air.  ^  In  another  experiment,  on  passing 
potassium  over  magnesia  highly  heated,  and  introducing 
quicksilver,  an  amalgam  was  obtained,  from  which  any  re- 
maining potassium  was  abstracted  by  water,  and  a^soh'd 
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metallic  mass  remained,  wBith  exposed  to  the  air  afforded 
a  diy  white  powder,  and  when  acted  on  by  an  acid  gave  a 
solution  of  magnesia.  To  the  base  of  this  earth  the  name 
of  Magnesium  may  be  given. 

Magnesia,  ander  various  states  of  saline  combination, 
exists  in  nature  in  considerable  qoantity.  It  id  foutid,  in 
particular,  in  the  water  df  the  ocean,  united  with  sulphu* 
ric  and  muriatic  acids,  and  the  same  salts  frequently  exist 
in  n^ineral  springs.  From  either  of  them  the  magnesia, 
may  be  procured  by  decomposing  them,  by  adding  to  theAr 
boiling  solution  an  alkaline  carbonate j  the  carbonate  of 
aaiagnesia  is  precipitated,  and  being  tlioroughiy  washed  and 
dried,  the  carbonic  acid  is  expelled  from  the  magnesia  by 
exposure  to  a  red  heat* 

Magnesia  obtwied  by  this  process  is  in  the  form  of  a 
white  light  ^ongy  powder,  very  soft  to  the  touch,  inodo* 
roiis,  and  having  a  slightly  bitter  taste.  It  slightfy  changes 
thie  Uue  vegetal:^  colours  to  a  green. 

It  is  infusible  when  exposed  even  to  the  most  intense 
heat*  If  previously  made  into  a  paste  with  water,  it  suf« 
fers  contraction  when  exposed  to  a  sudden  heat. 

It  is  insoluble  in  water  $  when  dry,  it  absorbs  a  portion 
of  water,  but  does  ndt  form  with  it  a  ductile  paste.  When 
it  is  precipitated  from  any  of  its  saline  solutions  by  potash, 
it  retains  in  drying  a  kind  of  gelatinous  consistence,  by 
retaining  water  in  weak  combination.  This  forms  perhaps 
a  hydrate  of  magnesia,  which,  according  to  Davy,  contains 
nearly  a  fourth  of  its  weight  of  water.  A  hydrate  appear$ 
to  exist  as  a  mineral  production,  composed  of  70  of  mag* 
nesia  and  30  of  water :  it  has  a  crystalline  structure. 

Magnesia  combines  with  the  acids  :  its  salts  are  in  ge- 
neral very  soluble  and  crystallizable,  and  have  a  bitter  taste^ 
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They  are  decomposed  by  the  fixed  alkalis  and  by  the  aU 
kaline  earths,  the  magnesia  being  precipitated.  T^eir  de* 
composition  by  ammonia  is  partial,  thb. alkali  having  a 
tendency  to  form  with  the  magnesia  and  acid  soluble  t^* 
nary  compounds. 

It  exerts  no  reciprocal  action  with  the  alkalis,  nor  with 
the  alkaUne  earths*  It  combine»  by.  fusion  with  iimev  and 
m  the  humid  way  it  ex^ts  an  affinity  to  argil,  cotmbtsiiig 
with  It  and  modifymg  its  properties. 

It  combines,  though  very  imperfectly,  with  sulphury  by 
fusion  or  hy  boiling,  than  in  water.  By  sulphuretted  ^* 
dnogenit  is  dissolved  in  small  quantity*  On  the  metals  mt 
melaUic  oxides  it  exerts  no  evident  action. 

Magnesia  is  scarcely  applied  to  any  use,  except  in  me* 
dicine  as  an  antacid  and  lithontriptic.  Some  of  the  native 
Gomhinations.  of  it  with  other  earths  have  been  tised  in  the 
manufitctare  of  porcelain,  and  prove  useful  by  ksseaisg 
the  tendency  to  contraction  in  the  baking  of  the  earthy 
composition*       '     . 
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OF  AI^GIL. 


1 HT8  efirth  19  the  base  of  the  days,  whence  the  mme  of 
Argil  has  be^  giren  lo  it.  Being  the  base  of  the  ^atlf 
known  by  the  name  of  Alum,  it  has  ateo  rec^i^ed  the  ap- 
pellation of  Aliimina.  Hie  former  is  preferable^  aa.l^ 
ambiguous.  Though  it  exists  in  nature  very  nearly  in  a 
state  of  purity,  forming  the  sapphire  and  some  other  gem% 
its  fitale  of  aggregation  in  these  forms  of  it  disguises  its  c^€h 
xnical  properties  -,  and' it  is  therefore  as  it  i«  obtained  by  a^i 
artificial  process  that  it  is  usually  described^ 

^Tbe  decomposition  of  this  earth  by  galvanism  bm  beevi 
very  imperfectly  efiected.  The  usual  methods  proved  usir 
ffuccessfiil,  and  Mr  Davy  obtained  only  imperfect  itidica- 
iions  by  another  method, — submitting  the  argil  to  galvank 
action  in  fusion  with  potash  or  soda.  The  metallic  mat* 
ter  obtained  consisted  principally  of  potassium  or  sodium; 
but  with  this  was  evidently  combined  a  small  portion  of 
the  base  of  the  argil,  for  when  it  was  oxygenated  by  water, 
it  produced  not  only  the  alkali,  but  a  minute  quantity  of  this 
earth.  By  passing  the  vapour  of  potassium  over  the  i^rth 
heated  to  whiteness,  small  particles  of  a  grey  colour  and 
metallic  lustre  were  obtained,  which  became  white  on  ex- 
posure to  the  air. 

The  artificial  process  by  which  argillaceous  earth  is  usit« 


ally  libtaincdy  consists  in  dissolving  common  alum  in  water^ 
and  decomposing  it  by  the  addition  of  ammonia,  whidi 
combines  with  the  acid  of  the  alum,  and  precipitates  the 
argil  which  is  its  base.  To  this  a  little  of  the  acid  may 
however  adhere ;  and  to  obtain  the  earth  therefore  in  a 
state  of  perfect  purity,  the  precipitate,  after  having  been 
thoroughly  washed,  is  redissolved  in  nitric  acid,  precipita- 
ted a  second  time  by  ammonia,  and  after  being  washed 
and  dried,  is  exposed  to  a  red  heat. 

Argil,  obtained  by  these  pro'oesses,  is  in  the  state  of  a 
light  white  powder,  spimgy  and  soft.  It  is  peculiarly  dia- 
tinguished  by  forming  with  water  a  paste,  which,  wh&i 
kneaded,  is  tenacious  and  ductile ;  and  it  is  from  the  pre-> 
sence  of  this  earth  that  the  natural  clays  derive '  their  plasr 
tic  quality.  Though  no  sensible  quantity  of  it  is  dissolved 
by  water,  it  forms  with  it  an  imperfect  combination,  the 
loo^e  precipitate  of  argil,  from  the  decomposition  of  its  sa^ 
line  compounds,  being  somewhat  gelatinous;  and  if  diffusr 
%d  in  a  large  quantity  of  water,  it  retains  a  portion  of  it  in 
fiubsiding,  and  even  in  drying,  forming  a  kind  of  transpa** 
rent  brittle  mass ;  while,  if  precipitated  from  a  ccmcentn^ 
ted  solution,  without  being  diffused  in  water,  it  forms^ 
'whdn  dried,  a  loose  powder.  Tlie  latter  has  been  named 
Spongy,  the  former  Gelatinous  Argil ;  it  retains^  the  water 
it  bos  imbibed  so  strongly,  that  Qven  exposure  to  a  red 
/heat  does  not  entirely  expel  it.  It  is  therefore  a  hydrate 
of  argil,  and  appears  to  contain  about  0.15  of  water.  A 
native  hydrate  exists  containing  a  larger  proportion. 

The  paste  formed  by  kneading  argil  with  water,  con- 
tracts from  the  application  of  heat;  the  contrition,  as  h^ 
already  been  stated,  in  considering  the  applicatiQQ  of  this 
to  pyrometry,  continuing  to  proceed' even  at  the  moist  in- 
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tense  heats  long  after  the  whole  of  the  water  has  been  ex« 
pelled.  The  clay  at  the  same  time  acquires  a  great  degree 
of  hardness  from  its  augmented  aggregation.  In  the  in-* 
tense  heat  of  the  most  powerful  burning  mirror,  argil  does 
not  melt;  but  the  fu3ion  of  it  in  minute  quantities  has  been, 
^fleeted  by  the  heat  excited  by  a  stream  of  oxygen  gas  di- 
rected on  burning  charcoal*  « 

Argil  combines  with  the  aeids»  neutralizing  the  acid  pro- 
perties. Those  of  its  salts  which  are  soluble  have  a  sw^t-*^ 
ish,  and,  at  the  same  time,  astringent  taste*  They  are  de* 
cbmposed  by  the  alkalis  and  alkaline  earths.*  ^ 

Argil  combines  more  readily  than  the  oth^  earths  with 
the  alkalis.  When  its  salts  are  decomposed  by  potash  or 
soda,  an  excess  of  either  added  redissolves  the  precipitate. 
of  argil,  forming  with  the  acid  a  ternary  compound.  Th^ 
can  dissolve  argil  alone ;  and  they  form  with  it  by  fusion  a  • 
species  of  combination,  in  which  the  argil,  is  rendered  so* 
hible  in  water« 

Argil  exerts  affinities  to  the  other  earths,  both  in  the 
humrd  way  and  by  fusion.  Barytes  and  strontites  render 
it  soluble  in  water.  Lime  forms  with  it  an  insoluble  com« 
pound,  hence  argil  attracts  lime  from  its  solution  ih  water^ 
but  the  argil  on  the  c^her  hand  renders  the  lime  soluble  to 
a  certain  extent  in  alkaline  liquors*  It  also  exerts  an  a£S« 
nity^to  magnesia,  in  consequence  of  which  it  aids  its  preci- 
pitation from  saline  compounds.  It  unites  in  the  humid 
Way  with  silex,  and,  what  is  a  singular  effect,  renders  thia 
earth  soluble  in  acids.     It  also  combines  with  it  by  fusion.  ' 

The  combination  of  argil  with  silex  by  fusion,  forms  the 
basis  of  Pottery  and  Porcelain,  at  least  these  two  earths 
form  the  essential  ingredients,  the  argil  communicating  to 
the  mixture  that  plastic  quality,  in  consequence  of  whichy 
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the  paste  formed  with  \mterr  when  thoroughly  kneaded^ 
can  be  fashioned  and  turned  on  the  l^th^  tM  silex  prevent- 
ing, this  from  contracting  too  much  in  dryiog)  and  by  the 
action  exerted  between  it  and  the  argil^  rendering  the  mix- 
ture enable  of  that  species  ^f  yitrificntioQ  w^ich  forms 
Porcelain.    Natural  days,  which  are  mixtiires  of  these  two 
earths  more  or  less  pure,  are  used  in  the  manufacturei  and 
require  to  be  variously  proportioned  by  intermixture.  The 
composition  is  freed  from  impurities,  is  levigated  to  a  great 
degree  of  fiueness*  and  is  knesaded  with  water  into  a  duc- 
tile paste.      This  is  turned  on  the  lath  into  the  requisite, 
forms  I  the  vessels  are  afterwards  dried,  and  bakqd  ij^  a 
furnace  with  a  fire  gradually  raised,  and  their  surface  .is^ 
glazed  by  their  being  previously,  dipt  into  an  earthy  com- 
position more  fusible  dmn  that  which  forms  the  base.     By^ 
the  combination  which  the  heat  establishes,  an  iinperfect 
vitrification  is  produced,  forming  a  white  sezmtr^asparept , 
enamel,' which  constitutes  porcelain,  while  the  sur&ce  is^ 
more  completely  vitrified  and  render^  more  smooth.  Por- 
celain has  the  hardness  and.  compactness  of  glass*  is  less 
brittle,  and  more  capable  of  bearing  sudden  alterations  of 
temperature,  and  has  much  beauty  from  its  whiteness  and 
semitransparency.     The  colours  are  usually  formed  from 
metallic  oxides,  wli^ich  are  mixed  with  fluxfs  to  render  them, 
sufficiently  fusible,  and  are  applied  by  a  pencil  before  the 
porcelain  is  baked. 

•  The  coarser  clays,  containing  besides  silex  and  argili^ 
lime  and  iron,  form  the  inferior  kinds  of  porcelain  and  pot-, 
tery.  From  their  greater  fusibility,  they  cannot  sustain  so 
high  a  heat,  and  are  therefote  glazed  by  more  fusible  ma-^ 
terials,  mixtures  of  earthy  tnatter  with  g^ss,  and  often 
with  oxide  of  lead. 
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1  HIS  earth  is  one  very  extensively  diffused ;  it  forms  the 
principal  constituent  part  of  a  number  of  compound  fossils; 
and  those  in  which  it- predominates  having  usually  a  con« 
siderable- hardness,  and  the^lex  itself  being  altogether  in« 
sohible  in  water,  and  in  its  usual  state  of  aggregation  not 
easily  difi^sed^  it  remains  when  they  have  been  disintegrat- 
ed or  decomposed ;  hence  the  ^and  of  rivers  and  ttf  the  sea- 
4BhOre  is  principally  composed  of  it  Rock  crystal,  quartz, 
and  flinty  ar^  ibssils  in  which  it  exists  almost  perfectly  pure, 
though  in  these  its  state  of  aggregation  modifies  its  ch6* 
mical  properties,  which  are  rather  determined  therefinre 
from  it  in  the  state  in  which  it  is  obtained  by  an  artifidid 
process. 

The  decomposition  of  silex  has  been  imperfect.  It  is 
scarcely  affected  by  galvanic  action,  and  when  submitted  to 
it  in  fusion  with  potash,  the  metallic  matter  obtained  when 
exposed  to  the  air,  or  dropt  into  water,  gave  indications  of 
the  regeneration  of  silex,  so  i^  merely  to  warrant  the  con- 
dusion  thfit  it  had  been  decomposed,  but  without  affording 
more  than  imperfect  results. 

The  process  by  which  Silex  is  usuaUy  obtained,  consists 
in  fusing  fialpned  flint  wiljh  three  or  foor  times  its  weight 
VOL.  I.  %  z  ' 
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of  sub-carbonate  of  potash.  The  mass,  when  told,  is  dis- 
solved in  water,  and  diluted  sulphuric  acid  is  added  to  the 
clear  solution  as  long  as  any  precipitation  ensues ;  the  pre- 
cipitate is  thoroughly  washed  with  water,  and  dried.  It 
appears,  however,  not  to  be  pure  silex,  but  to  retain  a  por- 
tion of  alkali  in  combination.  Rock-cfystal,  pounded, 
probably  affords  it  more  pure,  or  the  solution  of  silex  in 
fluoric  acid  may  be  decomposed  by  ammonia,  ^nd  the  pre- 
cipitate washed  and  dried*    ' 

Silex  procured  by  precipitation  is  in  the  form  of  a  light 
white  powder,  insipid,  and  gritty  to  the  touch;  wh^ mix- 
ed with  water,  it  does  not  form  an  adhesive  paste.  It  is  so 
infusible,  as  not  to  melt  in  the  intense  heat  excited  by  oxy- 
gen gas  directed  on  burning  charcoal.  It  melts,^  however^ 
in  the  flame  of  hydrogen  and  oxygen  gases. 

It  is  hot  dissolved  in  any  appreciable  quantity  by  water, 
yet  there  are  facts  which  prove  its  solubility  to  a  certain 
extent  when  this  is  not  counteracted  by  its  aggregation :  if 
,  the  solution  of  its  compound  with  potash  be  decomposed 
by  an  acid,  no  precipitate  appears,  if  the  solution  has  been 
previously  very  largely  diluted  with  water,  though  other-' 
wise  it  would  be  apparent ;  and  it  exists  in  solution  in  some 
mineral  springs,  in  which  no  substance  that  can  contribute 
to  its  solution  can  be  detected. 

^       uble  in  the  acids,  nor  does  it 

form  with  any  of  them  neirtral  compounds  analogous  to 
those  formed  by  the  other  earths  and  saHflable  bases,  a  cha- 
racter by  which  it  is  peculiarly  distinguished.'  By  ittsion 
it  combines  with  boracic  and  phosphoric  acid,  forming  a 
species  of  glass  ^  when  in  a  state  of  extreme  division,  mu- 
riatic acid  appears  to  dissolve  a  small  quantity.  Ffnoric 
acid  is  its  proper  solvent',  dissolving  iteitlier  mikt  the  acid 
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is  gaseous,  or  wh^n  combined  with  water;  though  it  is 
doubtful  if  the  combination  can  be  established  so  as  to^neu* 
tralize  the  acbl. 

This  earth  combines  with  the  fixed  alkalis.  When  boQ« 
ed  on  it  with  water",  a  portion  is  dissdved,  and  by  continu- 
ing the  boiling,  a  gelatinous  solution  is  obtained.  By  fu* 
si6n,  the  combination  is  established  perhaps  more  intimate* 
ly,  and  the  propertieifof  the  compound  differ  much  accord- 
ing to  the  proportions. 

When  one  part  of  flint  or  quartz  is  fused  with  three 
'  parts  of  sub-carbonate  of  potash,  die  cdrbonic  acid  is  ex- 
{^Iled, .  and  the  compound  of  silex  and  potash  is  partially 
soluble  in  Water  y  with  ptire  potash  the  combination  is 
ihore  perfect,  and  the  compound  more  entirely  soluble. 
The  solution  of  silicated  potash,  or  soda,  Liquor  Silicum 
as  it  is  named,  becomes  gelatinous  when  concentrated  by 
evaporation.  When  kept  Ibr  a  number  of  years,  crystak 
have  been  observed  to  be  deposited  from  it,  transparent 
and  hard.  It  is  decomposed  by  all  the  acids,  the  uliceous 
earth  being  precipitated. ' 

With  a  smaller  proportion  of  alkali  the  compound  is 
less  soluble,  and  a  stronger  heat  is  required  for  its  vitrifi- 
cation :  it  may  even  be  obtained  altogether  insoluble,  trans- 
parent, and  possessed  of  considerable  hardness.  Such  a 
combination  constitutes  Gt^ASS,  the  essential  parts  of  which 
are  siliceous  earth,  and  potash-  or  soda.  The  pxoportions^ 
are  about  two  p^rts  of  the  earth,  to  from  one  to  one  and 
a  hidf  of  the  sub-carbonate  of  potash  of. commerce:  they 
are  intimately  mixed,  and  themixtilre  is  exposed  to  a  heat 
sufficiently  strong  to  expel  the  water  and  carbonic  acid, 
and  effect  an  imperfect  comlHnation.  This  is  completcct. 
by  afterwards  applying  a  stronger  beat,  so  as  to  produce 
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ji&rCbctfqsiOn)  Uie  impurities  and  unvitrified  maltor  being  ' 
drawn  off,  Tbe  glass  ti>its  form^  is  nKH*e  transpsoreitt 
and  colourless,  as  the  materials  have  been  pure.'*  Green 
^ss  i»  prepared  from  sand  and  kelp,  or  the  residuum  of 
the  soap-makers'  ley^  white  crystal  glass,  as  it  is  named,  is 
pffepared.fVom  pounded  flint  or  a  veiy  white  sand  $  and  to 
this,  there  is  an  addition  of  oxide  of  lead  to  promote  the  vi« 
tfificatioi),  and  add  to  the  density^  and  also  increase  the 
lustre  by  giving  a  higher  degree  of  refractive  power.  A 
little  oxide  of  mang&nese  is  added  to  remove  the  green  tint 
liable  td  be  produced  from  the  presence  of  oxide  of  iron« 

Olass  in  ftision  btis  a  great  degree  of  tenacity  and  duc- 
tility, so  that  it  can  be  easily  cast  in'  a  mdd,  and'  cutand 
wrought  in  a  variety  of  shapes.  It  loises  this  in  oooliDg, 
and  if  cooled  hastily  is  so  brittle,  that  the  slightdrt  impulse 
or  agitation  is  sufficient  to  cause  it  to  fidl  into  fragm^ts. 
This  is  in  pajt  prevented  by  slow  <»joUDg,*  by  which  a  di^ 
ferent  arrangement  of  the  particles  of  the  glass  is  allowed 
to  be  a^umed.  '  On  this  depends  the  advantage  deriited 
from  the  annealing  of  glass,  as  the  process  in  which  this 
slow  cooling  is  conducted  19  named.  It  appears,  even^  IJiat 
if  the  cooling  be  performed  very  slowly,  the  particles  pioss 
into  such  an  arrangement  that  the  glassy  character  is  en- 
tirely  lost,  and  the  mass  become  opaque,  and  displays  in 
its  fracture  a  crystdline  structure.  Glass  thus  de^vitrified, 
may  have  its  transparency  and  other  usual  properties  re- 
stored by  melting  it,  and  cooling  it  more  quickly.  . 

Glass  when  4)repared  without  an.  excess  of  alkaK,  is 'per- 
manent in  the  air,  and  is  scarcely  acted  on  by  any  chemi- 
cal agent.  Fluoric  acid,  from  its  ^tion  on  sileXi  erodes 
and  even  dissolves  it.  The  fixed  alkalis  fused  with  it  rmi- 
der  it  soluble  in  water  $  and  the  metaUic  bases' of  the  alka-* 
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lis  decompose  it,  bjr  partially  abstracting  tire  oxygep'  of  the 
alkali,  which  enters  into-itft  Cfunpoeition,  and  perhaps  ako 
of  the  silex  itself. .  When  glaAs  is  exposed  to  heat,  imbed- 
ded in  various  earthy  mixtures,  it  loses  its  transparency, 
and  forms  a  matter  .similiUr  to  porcelain,  more  hard,  less 
&siUe,  »3d  better  capable  of  bearing  sadden  alterations  of 
temperature  tiian  transparent  f^ass,  changes  depending 
partly  perhaps  on  the  operation  of  slow  cooling  connected 
with  the  process. 

Glass  made  f<:pra  rery  pore  materials,  with  the  addition 
pf^^rax  'And  oxide  ef  lead)  and  coloured  by  the  addition 
of  other  metallia  oaiides,  forms  imitations  of  the  gems.  The 
transparsncy^  and  colours  of  these  ai;ie  often  equal  to  those 
ef  th^  ./eal  gems,  but  they  are  greatly  Jnierior  in  lustre 
afid  bareness.  > 

.  ^SS^^exerts  affinities  to  the  other  earths,  and  combines 
wifeb  the  greater  nnmber  of  ihem  by  fiision^  fiiurming  glassed 
geaejpaUy  more  or  less  op^ue*  '  These  affinities  too  are 
fflo^ntly  exerted  in  the  humid  way.  Thus  silex  is  preci«* 
pitated  Ami  its  solution  i&potash)  by  tbea|$raetion  eniett'^ 
ed  to  ^  ^by  bftrytes,  strontites,  and  lime. 
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X  HE  earth  to  ivhich  tbk  name  has  becan  giveti>  was  disco^ 
vered  by  Klaproth  in  a  fossil,  the  Zircon  or  Jargon, 
brought  as  a  gem  from  Ceylon.  It  has  since  also  been  dis- 
covered in  the  Hyacinth.  It  is  obtained  from  ibe  zircon 
by  calcining  it  repeatedly  to  diminish  its  Ibrce  of  aggr^a* 
tioUf  reducing  it  to  fine  powder  $  and  then  fusing  it  with 
six  tim^  its  weight  df  potash ;  the  fused  matter  is  dissolved 
in  'wateri  and  to  the  solution  muriatic  acid  is  added,  boil- 
<  ing  it  for  a  short  time  to  precipitate  more  efifectuaUy  the 
silex.  with  which  the  other  earth  is  combined.  The  filter- 
ed  liquor  is  decomposed  by  the  addition  of  carbonate  of 
soda  I  and  the  carbonate  of  zircon  which .  is  predpitated 
from  it  is  dried,  and  the  carbonic  acid  is  expelled  by  heat. 

This  earth,  submitted  to  the  action  of  galvanism,  in  con- 
t^t  with  potassium,  affords  metallic  matter,  which,  when 
decomposed  by  water,  afforded  a  minute  portion  of  a,pOw- 
der,  having  all  the  characters  of  zircon.  It  appears,  there- 
fore, to  be  similar  in  constitution  to  the  other  earths, 
though  the  results  are  ,too  imperfect  to  discover  the  proper- 
ties of  its  base. 

iZircon,  obtained  by  the.  above  process,  is  a  white  pow- 
der, insipid,  and  rough.  When  exposed,  imbedded  in 
charcoal,  to  the  violent  heat  of  a  forge,  it  undergoes  a  se- 
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mUvjtrification  ;*be<^oines  so  hard  as  to  give  fire  with  steel; 
has  a  brilliant  vitreous  fracture ;  and  is  of  a  grey  colour* 
Its  specific  gravity  in  this  state  is  4.3.  When  the  powder 
Is  mixed  with  water,  it  imbibes  it,  and  forms  a  semi- trans- 
parent  jelly,  and  it  retains  so  much  of  this  in  drying,  as  to 
form  a  substance  in  appearance  like  gum.  This  is  proba- 
bly a  hydrate  of  zircon  :  it  appears  to  contain  about  0.20 
of  water. 

Zircon  combines  with  the  acids,  and  forms  salts  in  ge- 
nerfd  sparingly  sduble.  Those  which  are  soluble  have;  a 
flwie^tish  ustrijDgeQt  tast^ .  Iti^  laffiiiitie^  tp  the  iicids:  appeal* 
ibojb^  w<^^  as  its  salts  are  in  general  decpdapbaed  by  a  loW 
JMat^  as'weU.as  by  the  alkalis,^  and  all  the  other  earths. 

>  Zircon  is  insoluble :in  the  liquid  aOkalis,:  bijt  is  dis50l,ved 
;by.  the i^kaUne  earbooates.  '^  Its  relations  to  the  earths  are 
S6|u*Gely  kno^m.  Itmay  be  fused  with  silex  $nd  wit|i\al^ 
gii^  and  a  mixture  of  these  three  earths '  is  more  fasible  than 

>  HEdxt^re  of  two  of  them. ;  it  ^app^irs  to  conibine  too  by 
rfHsiQu  w'itb  some  of:  (he  metjftUic  oxide^^  ^On  the  simple 
iiifliMDfi^p^s  '^  ex^r^  no;  attion. 
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CHAP.  VIIL 


OF  GLUCINE. 

slkveBt  part  of  the  beryl  and  of  the  emerald.  He  gate  k 
the  ni|ine  of  glucine,  derived  fyam  the  prc^r^  it  bais  of 
formitig  salte  baving  a  sweet,  taste.  The  process  by  wfaieii 
lie  obtakied  it  from  the  beryl)  was  to  fuse  one  part  of  it 
with  three  part4  of  potash  y  the  inass,  after  coding,  was 
diffused  in  water>  dud  dissolved  ip  muriatie  acid  :  jthe  s(^ 
iation  is  ovi^rated  to  dryness,  arid,  on  agaiii  •diasbl^t^ 
the  matter  in  water,  the  siloK  present  remains  nndi^soltedL 
The  sdution  is  decomposed  by  sub-carbonate  of  potash : 
the  precipitate  is  digested  with  a  soktioa  of  pure  potadi ; 
the  greater  part  of  it,  consisting  of  argil,  together  with  a 
portion  of  glucine,  is  dissolved  i  but  there  remains  a  por* 
tion  undissolved,  which  is  the  glucine,  sometimes  coloured 
by  a  little  oxide  of  iron. 

Mr  Davy,  in  attempting  the  decomposition  of  Glucine, 
obtained  results  similar  to  those  from  zircon,  an  amalgam 
being  formed,  when  it  had  been  placed  in  the  galvanic 
circuit  with  mercury  and  potassium  which  decomposed  wa- 
ter, and  which  reproduced  glucine,  when  the  alkali  in  the 
liquid  was  neutralized  by  an  add.  A  similar  result  was 
obtained  <m  submitting  it  to  the  action  of  potassium  at  a 
Ugh  temperature. 
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Olucine  obtained  pure  is  white,  soft  *  to  the  touch,  and 
.adheres  a  little  to  the  tongue ;  it  is  insipid  $  is  infusible  $ 
insoluble  ia  water,  but  forms  with  it  a  paste  which  is  some- 
what ductile ;  this  paste  is  not  hardened.by  heat,  nor  does 
it  contract.     Its  specific  gravity  is  2«96. 

Glucine  combines  readQy  with  the  acids ;  its.  salts  are 
generally  soluble,  and  have  a  sweet  taste. 

They  are  decomposed  by  the  alkalis :  the  earth  is  even 
completely  precipitated  by  ammonia,  a  test  which  distiii- 
guishes  it  from,  argil,  to  w)iicb  it  has  otheirwis<e  some  re* 
semblances.     It  is  soluble  in  the  fixed  alkalis,  but  not  in 

...  •        •:  -  »  , 

ammonia;  it  is  dissolved,  however,  in  carbonate  of  apimo* 
nia,  forming  a  triple  salt, — ^a  property  so  far  characteristic 
of  it,  though  poissessed  also  by  zircon.  It  is  dissolved  also 
by  the  other  alkaline  carbonates.  It  decomposes  the  salts  of 
argil.  Its  relations  to  the-  other  earths  are  not  known  J  It^ 
salts  are  not  pr^ipitate^  by  the.  alkaline  prussiates.  With 
Doriax  lit  melts  into  a  glass.       .    .  , 
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CHAP,  IX. 


OF  ITTRIA. 


1  HIS  earth  was  discovered  bjr  Gadolin^  a  Swedish  che^ 
inist,  in  a  fossil  found  at  Ytterby  in  Sweden,  since  named Ga* 
dolinite.  in  which  it  is  combined  with  silex  and  lime.  It 
has  also  been  discovered  in  some  other  fossils.  In  severa} 
of  its  properties  it  resembles  glucine,  but  it  pilfers  entirely 
in  others. 

/The  process  followed  by  Vauquejin  to  obtain  the  earth 
from  the  gadolinite,  was  to  dissolve  it  with  the  assistance 
of  heat  in  diluted  nitric  acid,  pouring  off  the  solution  from 
the  undissolved  silex.  The  liquor  is  evaporated  to  dryness; 
the  residuum  being  dissolved  in  water,  the  compound  of 
nitric  acid  and  ittria  is  obtained :  ammonia  is  cautiously 
added ;  and  after  the  separation  of  any  osdde  of  iron  in 
yellow  flakes,  a  larger  quantity  is  added,  which  precipitates 
the  earth.  The  method  followed  by  Klaproth  of  separat- 
ing the  iron  by  precipitation  by  succinate  of  soda,  and  pre- 
cipitating the  ittria  by  carbonate  of  soda,  will  probably  af- 
ford it  more  pure. 

Ittria  is  thus  obtained  in  the  form  of  a  white  powder,  in- 
sipid ;  it  is  heavier  than  any  other  earth,  its  specific  gravi* 
ty  being  4.842.  It  is  not  fusible  alone,  but  with  borax  it 
forms  a  white  glass.  It  is  not  soluble  in  water,  but  it  re- 
tains that  fluid  with  considerable  force,  and  appears,  there- 
fore, to  form  a  hydrate. 
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Ittria  combines  with  the  acids :  its  salts  have  generally  % 
a  sweetish  taste.  Several  of  them  too  are  coloured,— a 
property  in  which  it  differs  from  the  other  earths ;  but^  ac- 
cording to  Eckberg)  the  colour  arises  from  adhering  metal- 
lic matter,  principally  manganese  and  iron.  They  are  de« 
composed  by  the  alkalis,  by  Ifme,  strontites,  and  barytes. 

Ittria  is  not  dissdived,  by  the  liqoid  alkalis  $  nor  do  they 
redissolve  it  when^ded  in  excess,  after  having  precipitated 
it  from  its  sdotions,  which  distinguishes  it  from  glucine. 
It  is  soluble  in  carbonate  of  ammonia,  but  it  requires  a 
quantity  five  or  sn^  times  greater  than  gluciiie  does.  Prus- 
fiiate  of  pot^h  throws  down  from,  its  aplutions  agranuiaf 
precipitate,  of  a  white  or  pearl- grey  colour.  It  is  precipi- 
tated in  grey  flocculi  by  the  infusion  of  galls ;  but  very 
sligbtfy  by  pure  gallic  acid.  It  ia  not  aflfected  by  sulj^inr 
retted  hydrogen,  or  hydro-an^fauret  of  ammonia.    . 

The  great  specific  gravity  of  thia  eardi,  and  its.  being 
precipitated  by  the  alkaline  {^ussiates  and  by  tannin  from 
its  solutions,  in  some  measure  (Connect  it  with  the  metals, 
and  it  probably  ought  to  be  regarded  as  a  metalttc  oxide* 
It  is  not  reduced,  however,  to  the  metallic  state  bjr  heiKting 
it  with  charcoal,  but  it  runs  with  it  into  a  kjnd  of  semi- 
fluid mass,  which  is  heavier  than  the  earth  itseE  When 
submitted  to  the  action  of  potassium  at  a  hi^  temperature^ 
some  appeajTStnces  jiidicale  the  production  from  it  of 
tallic  matter. 
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OF  ACIDS  AND  THEIS  BASES, 


AanB  form  an  order  i(^ chesnkd^ag^lS)  dktjngoidhedby 
Tefjr  ap(»Qpriate  cbaractera,  atid  extremely  important  in 
4lieir  chemical  Tel^tiofis,  partly  from  the  niHnerOa»'aiiii 
poirerfiil  affinities  tbey  directly  exert,  and  paitly  from  die 
changes  thdv  pMfduce  in  \)Odiefii  by  tlie  cdmtnanication  <£ 
pxygou^  .They  are  compounds  o^-  inflammable  bases  wllb 
oxygen;  and  in  conformity  to  tbe  amingemtet  I  liarre 
adopted,  the  chemicsl  history  of  these  bases,  is  to-be  coi»- 
Bected'wiib  tfaeliifto^  of  thejodi^i^dtial  acids.  .  -  *  , 
.  >X*as(ai8ier  inferved  from  9a\  ample  induction^  that  oxy- 
gen is/ the;,  priaciple-of  acidity,  commtunditieg  it  to  tiiose 
jnomponiwls^-in  sirhicH  it  p^domiaateib^tmd'tfaat  acidfr  are 
l^oinpomgda  itf  oxygen  with  combosdble  bd^es.  Sft^uis 
&BjfixiimpktJcombiBes»with  two  prc^itions  of  oxygen,  and 
joJboih  focmSvadds.  The  case  iathesame  With  phosphorus, 
jmdivatl)  sitDOgeh^  and  eharooid  ako,  in  oombieiHg  mA 
thnlAi^st  pn9pordoB'Wit}i«]iicll  it  unites,  forms  an  add. 
^The  principal  acids  having  simple  bases  were  titus  proved 
to  be  compounds  of  oxygen ;  and  those  which  have  com- 
pound bases,  the  acidsi  derived  from  the  vegetable  and 
animal  kingdoms,  were  also  proved  to  contain  oxygen. 
.Three  acids,  the  Muriatic,  Fluoric,  and  Boracic,  had  not 
been  decomposed ;  but  this,  strictly  speaking,  formed  no 
exception  to  the  general  principle,  as  analogy  led  to  the 
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conclasiony  that  tbey  also  are  compofindsi  and  may  con* 
tain  oxygen  as  a<x>mmon  eleiiie0t.     '  . 

MoFe  recent  invesfigations,  however,  kad  to  some  mo* 
dification  of  the  dieory  of  Xjayoi$ier.  Stlbstanees  have 
been  observed  to  have  the  properti^  of  acids,  theoompQ^ 
sition  of  which  is  apparently  dem<>nstrared,  and  yet  oxy- 
gen cannot  be  discovered  in  it;  ■  This  is  the  case  particu* 
larly  with  a  compound  of  sulphur  «ad  hydrogen,  Sulpfau* 
retted  Hydrogen  as  it  is  mtmed.'Tbis' substance  cOidbines 
with  the  alkalis  and  earths,  die  inost  diar acfta^stic  licid 
property ,  neutralizing  the 'alk^ii|eprof^ies)'and  forming 
^ven  crystathzable  compounds  j  and  it  ^a^^  ab<)  th^  propert/f 
the  most  -delicate  test  of  acidity,  tlmt  ef  chdnging^the  Veg^ 
tabic  blue;at)d  purple  colours  to  a  red*  Yet  alialym  catf 
discover  nO;  ekKments  in  its  composUfeo  but  sidphur  afid  . 
l^fdrogen.  ^ 

There-is  one  view  under  which  this  subject  may  be  pre* 
sented,  which  includes  imder  it  thia  appartotly'anomalofka 
&ct«  w^cidity,  widi.  all  its  cfaaracteriitic  qualittes>  has  b^n 
considered  as  a  property  more  peculiarly  derived  froili 
oxygen.  But  it  is  possible  that  it  may  be  derived  Hikest 
firoip  the  bases  which  form  acids^ — being  developed  by  th^ir 
combination  with  any  substance  which  communlcal^  aO* 
lubility,  and  of  course  greater  ^energy  of  chemical  actiM^ 
provided  that  the  substancie  {[Nroducingtbis  eflfect  is  not  dne 
which  neutralizes  acidity  itself. .  Oxygen  is  the 'element 
that  usually  gives  rise  to  thb  resdlt  tit  renders  ^soluble  and 
aeiivethe  bases  of  the  di£fe»eiit^ids,  stnd  not  tieotralizing 
^j^ii^Hy)  allows  this  propertjr,  if  it  is  deHved  from  the  badi^ 
t0  be  breiigbt  into  Actioo.  Hydixigen  J^ajr,*  IhoArever, 
have  a  similar  efiect,  and,  as  sulphur  isrthp'  base  whicb-, 
when  combined  witib  oxygen,  farms  wbivt  may  be  nq^arded 
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as  the  strongest  acid,  its  dcidtty  may  also  be  rendered  sen^ 
sible  by  hydrogen,  though  to  a  lees  extent. 

Some  important  results  have  been  established  with  re- 
gard to  the  influence  of  Water  on  the  property  of  acidity* 
AH  the  mc»*e  powerful  acids  contain  a  portion  of  it  inti* 
mately  combined.  Sulphuric  acid,  nitric  acid,  muriatic 
acid,  and  phosphoric  acid, .  contain  nearty  one-fourth  of 
their  weight  of  this  combined  water,  and  it  cannot  be 
expelled  irom  them  by  heat :  they  are  volatilized  along' 
with'  it,  and  even  at  a  red  heat,  to  which  phosphoric  acid 
can  be  submitted,  it  retains  this  combined  water.  Nei- 
ther  can  they  be  formed  without  its  presence  by  the  com- 
bination of  their  constituent  principles,  nor  can  they  be 
disengaged  from  compounds  in  which  they  exist  without 
it  be  supplied.  It  is  necessary,  therefore,  to  their  exis- 
tence in  an  insulated  form,  and  when  combined  with  sub- 
stances  which  do  not  neutralize  acidity,  as,  for  example, 
when  combined  with  each  other  free  from  water,  their 
addity  is  not  apparent,  even  by  the  most  delicate  test,  that 
of  reddening  the  vegetable  colours,  until  a  portion  of  water 
is  added,  when  it  is  immediatdy  developed.  The  ratio- 
nale' of  some  of  these  fiiets  is  not  easily  given,  but  they^dis- 
play  the  important  chemical  agency  of  water,  a  subject 
\fhiih  is  still  not  yet  well  understood. 

8ir  H.  Davy  has  considered  the  i&cts  with,  regard  to  the 
agency  of  water,  so  far  as  it  is  connected  with  one  of  these 
acids,  the  muriatic,  under  another  point  of  view,  whiq^ 
has  led  to  the  hypothec  of  iaiiother  acid iffi^ing  element  be* 
ddes  oxygen.  Muriatic  acid,  like  sulphuric  acid,  or  nitric 
acid^  holds,  a  portion  of  water  in  intimate  combination  in 
its  ihsolated  state,  and  the  real  ai^  cannot  be  disengaged 
from  compounds  in  which  it  exists,  unless  dus  water  be 
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suj^lied.   Muriatic  acid,  however,  has  also  tlie  8ingsilEMity» 
that  it  canBot  be  decoiiiposed  by  processes  similar,  to  tho9« 
which  decompose  the  Qthers,  no  ^  doubt  from  the  strength 
of  affinity  between  its  elements;  hence  its  composition  can* 
not  be  demonstrated  by  analysis*    It  has  the  fardier  pe<« 
culiArity,  (probably  from  the  same  cause,  the  strong  affini-'^ 
ty  of  its  base  to  oxygen),  that  it  combines  with  oxyg^, 
forming  a  compoond  which,  ^xistinj^  in  the  gaseous  forin^ 
has  been  known  by  the  name  of  Oxymuriatic  Acid  Gas. 
When  this  gas  is  mingled  with  an  equal  volume  of  hydro^* 
g^n  gas,  they  $ct  on  each  oth^r  whieo  heat  is  applied,  and 
the  pnoiduct  is  muriatic  acid  gas;  the  hydrogen  gas,  ac- 
cotdidg  to  the  common  doctrine,  entering  into  combina* 
Uoti'With  t)ie  olcygen  of  the  oxymui^iatie  gas,  and  forming 
water,  which  the  muriatic, acid  gas  holds  combined  with  it 
in  the  gaseous  form.     There  is  another  explanation,  h6w«. 
ever,  which  may  be  giveii  of  the  eKperiment,  and  of  an 
ext^sive  series  of  facts  connected  with  the  relations  of 
mnriatic  and  oxymuriatic  acids ; — that  oxymuriatic  acid  is 
a  simple  substance,  and  that  muriatic  acid  is  a  compound, 
of  it  with  hydrogen,  an  explanation  of  course  involving 
the  coiKcIijsion,  that  oxygen  is  not  the  sole  principle  of 
acidity,  but  that. oxymuriatic  gas  is  an  element  belonging 
to  the  ^ame  cli»8.     This  opinion  has  been  defended  by 
Sir  H.  Davy*    It  will  afterwards  fall  to  be  considered ;  at 
present  it  is  sufficient  to  remark,  that  it  rests  on  no  con-* 
c)»stve  evidence,  and  has  no  superiority  over  the  Common 
doctrine  in  its  explanation  of  the  phenomena,  but  is  less 
simple,  and  at  variance  with  very  strict  an^  extiernsive  ana* 
logi^i  ' 

The  IbibWing  are  the  properties  char^terietic  of  the 
acids.    They  are  all  sour  tb  the  taste;  they  change  the 
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Uoe^  |HnpI«  i^  green  cokmr  of  vegetables  to  a  red  f  tfaey 
m  general  have  a  considerable  affinity  to  wAter»  and  com* 
bine  readiljr  With  it ;  tbey  dissolv^  the  metds;  and  they 
eombine  with  the  alkalis  and  earthsi  forming  compound^ 
in  whtchy  when  the  dde  proportion  is'  obderved,  the  pio^ 
perties  of  the  acid  and  of  die  salifiable  base  with  which  it 
unites  are  mutudly  lost 

The  last  prc^r^,  that  of  nedtralizing  the  properties  of 
aftaKs,  is  the  one  most  eminently  characteristic  of  adds  i 
and  these  two  orders  of  chemical  agents  may  be  oonmder- 
M  as  in  their  diemieal  relations  exposed  to  each  otherj 
the  one  always  weakening  the  powers!  of  the  oth^.  In 
combining,  the  acidity  is  diminished  In  proportion  to  the 
pow«rand  the  quahtity of  alkali  added:  the  properly  of 
alkalinity  is  equally  Weakened  in  proportion  to  the'  quantity 
and  ^wer  of  the  acid  brought  intd  combination ;  and  in 
all  these  cases  tinett  is  a  certain  proportion  of  licid  aqd.of 
alkali,  in  whic&i  iflbe  Combination  is  ei$taUiAeds  the  .pro- 
perties of  neither- em 'ippar^nt^  but  are  mutdaUy  tieiMra** 
ii^ed^  The  oobipoaml  fbriped  at  this  propd^tiod^  is  ia 
chemicallanguage named  a Keutral  39}t.         /  -'   . 

At  the  stage  of  neutralization  it  g^n^r^Uy  happens,  thut 
the  conipbund  fa<&%  the  gr^test  tendency  to  <$ohesio|i>  pro- 
hah]y  from  the  coAdentotion  from  the  combinatipn  being 
greatest  ^t  tiiai  point.  '  H^nce  it  is  wi£>te  edisily  obtidned  so- 
lid by  crystaUizalion,  op  if  it  be  less  soluble,  by  pte^^ipita- 
tion,  in  this  neutral  state,  than  in  any  other*  Sometimes^ 
however,  it  has  a  greater  tendency  to  crystallize  or  to  prcf- 
cipitate  with  an  excess  of  acid^  dr  an 'excess,  of  basof  for^ 
ming  a  compound  in  which  there  is  such  an  excess,  bat  i^ 
which  a  uniform  ami  fixed  proportion  is  estf(blidbed«  '  ^\ 
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In  nil  cases  it  has  be^i  supposed,  that  the  combioation 
of  an  acid  with  an  alkaline  base  is  limited  to  certain  fixed 
proportions  to  that  in  which  they  are  mutually  neutraliz-* 
ed,  and  in  some  cases  to  one  or  two  others  in  which  there 
is  an  excess  either  of  acid  or  of  base ;  and  in  these  combi- 
nations the  larger  proportion  of  one  of  the  iugredients  is  a 
simple  multiple  of  the  smaller  proportion,  as  has  been  al- 
ready stated  (page  59).  Potash,  for  example,  or  soda» 
ipombines  with  two  proportions  of  Carbonic  acid,  of  which 
cme  is  just  double  that  of  the  other.  Pptash,  too,  coipbines 
with  sulphuric  acid,  and  with  oxalic  acid,  in.  proportions 
in  which  the  samela'w  ia  observed*  There  are  other  saline 
coitipounds  in  which  a  similar  arithmetical  relation  in  tho 
proportions  seems  to  exist.  The  generalization,  however, 
has  been'  extended  farther  than  the  results  of  analysis  strict- 
ly warrant:  the  deviations  from  the  required  proportions 
af e  oflen  accounted  for  by  h/pothesis:  there  are  cases 
where  the  law  can  scarcely  be  traced;  and  even  where  .these 
relations  in  the  proportions  dp  exist,  combinations  of  the 
same  elements  in  other  proportions  having  no  ^uch  simple 
rd^tion,  and  apparently  indeed  too  numerous  and  indefi- 
nite  to  admit  of  it,  can  be  formed.  The  most  just  view  of 
the  subject  perhaps  is,  that  an  acid  and  alkaline  base  have 
a  tendency  to  combine  in  every  proportion,^  each  weaken- 
ing the  properties  of  the  other  in  proportion  to  its  quantity 
and  the  energy  of  its  actibn,  though  partly  from  the  mutual 
attraction  being  exerted  with  more  force  in  some  propor- 
tions than  in  others,  and  partly  from  the  operation  of  cohe- 
sion and  other  external  forces,  the  combination  is  usually  li- 
mited to  certain  proportions :  these  aire  more  easily  formed^ 
and  are  more  permanent  $  and  in  some  cases  the  combina- 
tion can  be  established  in  no  others. 
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The  relations  of  the  acids  to  the  earths  is  similar ;  they 
produce  by  their  combination  mutual  neutralization  of  pro- 
perties, and  form  compounds  analogous  to  the  alkaline  neu- 
tral salts  'r  while  the  combination  is  also  not  limited  to  this^ 
but  may  be  established  so  as  to  form  compounds  with  an 
excess  either  of  acid  or  of  earth. 

The  differ^it  acids  differ,  greatly  in  their  power  of  neu- 
tralising the  alkalis  and  earths,  so  that  to  produce  the  state 
of  neutralization  very  different  quantities  are  required; 
and  conversely  the  alkalis  and  cartels  differ  as  mu^h  from 
each  other  in  their  power  of  neutralizing  the  acids.     Ac- 
cording to  the  view  given  by  Berthollet,  the  energy  of  the 
aflSnities  of  the  acids  to  the  alkalis  and  earths  is  indicated 
by  their  relative  powers  of  producing  this  neutralization^ 
the  different  substances  beingxompared  in  the  same  relative 
weights ;  as  the  affinities  of  the  different  alkalis  and  earths 
to  the  acids  may  also  be  judged  of  froni  their  power  of  neu- 
traii:2ing  them, — the  less  of  any  of  these  substances^  whe- 
thciT  acid  on  the -one  hand,  or  alkali  or  earth  on  the  other, 
which  is  required  to  neutralize  a  given  quantity jof  another 
of  the  opposite  order,  the  stronger  being  its  attraction  to- 
wards it.      In  the  Appendix  will  be  found  the  table  of 
Kirwan,  representing  the  relative  quantities  of  the  different 
acids,  and  the  sali6able  bases  requisite  to  produce  recipro- 
cal nentralizatjon. 

The  action  of  the  acids  on  the  metals  is  more  complica- 
ted.  An  acid  does  not  directly  combine  with  a  metal; 
the  metal  must  always  be  oxidated.  Hence,  if  it  is  not 
previously  oxidated,  the  first  action  of  the  acid  is  to  com-, 
municate  oxygen,  either  a  portion  of  that  which  it  contains, 
or  a  portion  of  the  oxygen  of  the  water  present,  or  of  the 
atmospheric  air  ^  and  with  the  oxide  thus  formed  the  acid 
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CDmbin€|ft.  The  relation  of  the  oxide  is  tten  the  saitie  as 
that  of  an  alkali  or  earth  to  an  acid ;  they  produce  mutual 
neutralization  of  properties  in  the  hecessary  proportions,  and 
the  compounds  formed  are  perfectly  analogous  to  neutral 
salts.     They  are  named  Metallic  Salts.     \ 

The  Ne^t^al  Salts,  whether  alkaline,  earthy,  or  me- 
tallic, have  certain  properties  a&  an  order  by  which  they 
are  characterized  which  it  is  necessary  to  explain,  as  the 
history  of  these  compounds,  at  l^ast  those  of  them  formed  , 
from  the  alkalis  and  earths,  is  connected  with  that  dP  the 
respective  acids.  , 

In  general  they  are  soluble  in  water,  though  they  diffet 
much  in  the  degree  of  solubility  :  where  more  than  lOOO 
parts  of  water  are  required  to  dissolve  a  salt,  as  the  quan* 
tity  is  not  appreciable,  unless  by  very  accurate  experiment, 
such  salts  are  regarded  as  insoluble.  The  solution  of  saks 
ill  water  is  augmented  by  increase  of  temperature,  this 
weakening  the  force  of  cohesion,  which  counteracts  the 
power  of  attraction  exerted  by  the  water  to  the  salt ;  and 
from  the  various  forces  of  cohesion  in  different  salts,  the 
solvent  power  is  very  unequally  increased  by  the  same  aug- 
mentation of  temperature. 

A  salt  may  be  recovered  from  its  solution  by  evaporar 
tion  of  the  whole,  or  of  part  df  the^ solvent.  If  the  evapo- 
ration is  not  carried  too  far,  so  that  cohesion  is  forcibly 
and  "irregularly  exerted,  producing  merely  aggregation  of 
the  particles,  the  salt  is  procured  in  a  crystallized  form,  that 
is,  in  small  masses,  transparent,  and  of  regular  geometric 
figures,  denominated  Crystals.  Each^salt  takes  on  a  ft- 
gure  peculiar  to  it,  and  hence  the  figures  of  the  crystals 
serve  to  distinguish  them,  though  these  are  also  liable*  to 
be  varied  by  circumstances.      Some^salts  are  crystalliziwi  ; 
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mdi  diflicqltf ;  while,  with  regard  to  others,  the  ciystalltisa- 
tkm  n  ea&ily  iiffected»  aad  the  figures  are  reguhv .  B;  «low 
or  epoaUneous  eviaporatioa,  xaorjs  regular  and  larger  crys- 
lals  are  foraied,  than  when  it  ha»  been  hasty.  The  fiohir 
tion  which  remains  after  a  salt  has  crystallised,. omtaias  a 
porti<Mi  of  the  same  salt^  which  by  a  seoond  evaporation 
may  be  cAitained  crystallized. 

OystaUized  salts  always  retain  a  portion  of  water,  which 
is  essenfiftl  to  t&e  crystal,  the  transparency  aiid  cohesion 
being  lost  when  it  i#  abstracted*  '  The  quantity  is  very  va- 
rious, and  is  in  some  cases  Jarge,  amounting  to  more  than 
the  w^ht  of  the  real  saJt.  Even  tho%e  saline  compounds 
which  are  not  crystallize,  bjut  from  thar  insoiubilUy  are 
pr€ic^[)ita|ted  at  t^ir  formation,  retain  a  portion  of  wat/er 
in  combins^ion,  apd  a  si^kr  portion  remains  ^even  alU^* 
what  is  more  peculiarly  consi4ered  the  water  of  cr}Vitalfiza- 
tion  of  crystallized  salts  h^  been  expelled  :  nor  can  this 
combMiied  water  be  ea^pelied  by  the  most  intense  beat. 

From  their  reiations  to  water>  neutral  salts  derive  soioiie 
distinctive  properties*  Some  liquefy,  from  the  appj)(^tion 
of  a  moderate  beat,  owing  to  the  solvent  power  df  their 
water  of  crystallization  being  augmented  ;  and.  when  th^s 
is  disisipated.  by  a  continuance  of  the  heat,  a  dry  mass  re- 
mai^^*  This  is  named  the  Watery  Fusion  of  Salts,  and 
takes  place  principally  in  tlipse  which  contain  a  large  qu^ii- 
tity  of  water.  Some,  wh^  heated  quickly,  decrepitate 
from  the  sudden  conversion  into  vapour  of  the  smidi  quan- 
tity of  water  of  crystallization  they  contain.  The  crystals 
of  many  salts  lose  their  transparency  from  exposure  to  the 
air,  are  covered,  with  a  crust,  aind  at  length  fall  into  pow- 
der. This  is  named  Effloresoence  i  it  arises  from  the  ab- 
straction of  the  wat^r  of  crystallization  by  the  air.     Other 
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mMs  attract  WBttap  frdm  ^ae  air^  so  as  to  beOdlDe  hvnikit 
iiid  at  leiigth  liquid*  Thia  propertjr  nartned  Deliqaesoeocay 
artfites  feom  the  strong  atttaction  to  water. 

One  of  the  most  iinportatit  pt oUetns  in  ehenristiy^  k 
that  of  determining  the  composkilxn  €if  aa2ts»  aiid  assigning 
the  prerise  pvoporfioiis  of  thett  constituent  priacipies.  h^ 
may  be  attempted  either  bj  ^thesid  ot  andTsii.  In  the 
fitst  mode,  a  grren  weight  of  base  may  be  coinbixieii  #itk 
ariniich  acid  as  pFodojCes  neutraliaatton,  and  the  weigbt  of 
the  soKd  salt  ma|jr  be  detecminedbj  obtaimn^  it  bjr  arap9* 
ration  and  exsiccation.  In  the  secdod  mode^  the  salt  may 
be  decomposed  by  adding  a  sobstence  which  eoaibine% 
either  with  the  acid  or  base»  and  forms  a  product  which  can 
be  easily  obtained  insulated,  and  the  cconposition  of  which 
is  known.  Both  lOfetfaods^  htnrever,  are  liable  to  consider* 
able  uncertainty^  porisicipaily  teem  the  difficuhy  of  deter* 
mining  the  quantities  of  water  cetitaiped  in  the  acids  and 
in  the  bases,  and  the  quantity  retained  in  combination  in 
the  compound  salts. 

When  two  compound  salts,  in  the  neutral  state,  are 
BHxed  together^  ao  as  to  prodnoe  mutual  decomposition^ 
die  two  new,  salts  which  are  formed  are  eip.ially  neutrak 
This  ^Bs  observed  by  Richter;  and  it  isi.an  important  fact^ 
both  as  leading  to  a  geiseral  prindq>kf  connected  with  the 
doctrine  of  definite  proportions,  and  as  being  cafiable  of 
being  applied  in  the  investigation  of  the  compoHtion  of 
salts.  It  proves,  as  has  been  already  stated  (p.  79^.),  that 
such  a  relation  exists  between  acids  and  bases,  in  the  power 
of  pipoducing  neutralization,  that  similar  quantities  of  add 
power. will  be  required  by  the  different  bases,  an^  similar 
qnantities  <i(  alkaline  power  by  the  different  adds^  so  that 
if  an  acid  or  a  base  is  weak  in  power,  a  correspondnig 
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larger  quantity  of  it  will  be  necessary  to  neutralize  the  sub- 
stance with  which  it  combines.  Hence  the  quantity  of  acid 
which  neutralizesi  a  certain  quantity  of  a  base,  will,  when 
transferred  to  another  base,  with  which  a  different  acid  is 
combined,  detach  from  it  such  a  portion  of  this  aqid  as  wiil 
neutralize  the  quantity  of  base  with  which  the  first  acid 
had  combined,  and  the  state  of  neutralization  will  thus 
continue.  It  affords,  too,  a  mode  of  verifying  the  results 
of  analysis  with  regard  to  the  proportions  ^  for  if  the  pro- 
portions of  the  elements  of  the  salts,-in  which  these  douUe 
decompositions  take  place,  have  been  assigned  irom  analy- 
sis, they  give  of  course  the  quantities  requisite  to  produce 
neutralization  :, we  can  calculate,  therefore,  from  these, 
whether  the  quantities  inHhe  salts  decomposed,  and  in  the 
new  salts  formed,  are  in.  such  relative  proportions  as  are 
necessary  to  continue  this  state  of  neutralization,  and,  of 
course,  whether  the  proportions  have  been  accurately  de- 
termined. ^  ' 
Another  law  has  been  announced  by  Gay-,Lu8sac,  which 
may  be  applied  to  the  determination  of  the  composition  of 
metallic  salts,^ — that  the  quantity  of  acid  in  the  salt  is  di* 
rectly  as  the  quantity  of  oxygen  in  the  oxide  which  is  its 
base.  The  fixed  alkalis  and  the  earths  being  probably  me- 
tallic oxides,  the  same  law  may  be  applied  to  their  combina- 
tions, and  of  course  to  the  whole  class  of  salts,  with  the 
exception  of  the  ammoniacal  ones.  Apd  as  the  propor- 
tions of  oxygen  combined  with  the  metals  are  determined 
by  methods  different  from  those  by  which  the  proportions 
of  acids  combined  with  the  oxides  are  ascertained,  the  one 
•mode  of  analysis  may  be  applied  to  determine  the  accura^ 
cy  of  the  other.  There  are  some  grounds  for  doubt,:how7 
peri  whether  the  Ii^w  is  universally  just. 
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It  i«faiains  to  explain  the  nomeDclature  of  the  adds  «iid 
•f  the  compound  salts  which  they  form. 

Acids  being  regarded  as  compounds  <^  oxygen  with 
certain  bases,  the  name  of  each  acid  is  derived  from  the 
base  of  which  it  is  formed.-  But  as  thi&  base  is  often  capa- 
ble of  combining  with  two  pretentions  of  oxygen,  and  of 
forihing  two  acids  different  from  each  other,  these  must  be 
distinguished,  and  this  is  done  by  a  variation  in  the  tor- 
mmation  of  the  nsune,  the  syUable  i^  being  the  final  one, 
when  the  acid  is  the.  one  which  contains  the  larger  pro* 
portion  pf  oxygen,  and  ous  wh^e  it  contains  the  smaller 
proportion.  •  Thus  sulphur,  by  combination  with  oxygen 
in  two  prpp<Mtions,  forms  ^wo  acids ;  ^  the.  term  Sulphur  is 
the  radical  whence  their  names  are  derived ;  the  one^  that 
.with  the  less  dose  of  oxygen,  is.  the  Sulphurous  Acid  ;  the 
other,  the  Sulphuric.  We  have  thus  also  the  Phospho* 
reus  i^nd  the  Phosphoric,  Nitrous  land  Nitric,  &c.  Where 
the  ba$6  gives  rise  to  only  one  acid,  the  name  terminates 
in  ic,  as  in  the  example  Carbonic  Acid*  The  acids  from 
the  vegetable  and  animal  systems,  having  a  compound 
base,  the  name  cannot  be  derived  in  this  manner,  but 
is  taken  irom  the  substance  front  which  they  are  form- 
ed or  prepared,  as  the  Citric,  Malic,  Prussic,  &o.  *  A  por« 
tion  of  water,  it  has  been  stated,  exists  in  intifnate  combi- 
nation in  the  more  powerful  acids.  To  distinguish  them 
in  this  state  from  the  real  add,  it  has  been  proposed  to 
prefix  the  term  hydro  to  the  usual  name,  as  bydro-sulphn- 
ric,  hydro-pitric  acid. 

The  nomendature  of  the  salts,  formed^by  the  unicm  of 
the  adds  with  the  alkalis,  earths',  and  metallic  oxides,  i§ 
equally  systematic.  All  the  salts  formed  from  one  acid 
are  considered  as  a  genus,  und^  which  are  placed  as 
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^xusies  the  individual  salts,  formed  by  the  union  of  that 
acid  with  these  different  base^*  The^  generic  uaine  is  Ae^ 
riv^  fnHn  the  name  of  the  add;  the  specific  name  from 
that  of  the  base«  .When  the  name  of  the  acid  of  which 
the  salt  is  composed  is  that  which  terminates  in  icy  the 
filial  syllable  of  the  name  of  the  s&lt  is  ate  ;  when  the  name 
of  the  acid  terminates  in  m^s^  that  of  the  salt  formed  from 
it  has  the  last  syllable  ite.  Thus,  all  the  salts  formed  from 
sulphuric  acid  constitute  a  genus  to  which  the  name  Sul- 
phalli  is  applied,  and  the  species  are  desigiiated  by  the  ad- 
dition of  the  name  of  the  base,  as  Sulphate  of  Sod^t,  Sul- 
phate of  Lime,  Sulphate  of  Iron.  Those,  again,  formed 
by  sulphurous  acid,  are  named  Sulphites,  as  l^phite  of 
Ammcmia,  &c.  On  the  same  principle,  ^  we  hare  Nitrates 
and  Nitrites,  Phosphates  cmd  Phosphites,  Muriates,  Car- 
bonates, 8cc. 

Salts  are  sometimes  formed  with  an  excess  of  acid  or4)f 
base  \  to  denote  these  a  method  prc^osed  by  Dr  Pearson 
has  be^i  adopted.  The  genus  being  formed:  finom  the 
acid,  when  there  is  an  excess  of  acid,  the  epithet  simper  la 
prefixed  to  the  name,  when  a  deficiency  of  tdA^  the  epi- 
thet sub.  We  thus  speak  of  the  Super^stilphate  of  Potash, 
the  Sub-carbonate  of  Soda,  &c. 

Where  an  acid  is  united  with  two  bases,  as  is  some- 
.times  the  case,  the  names  of  both  bases  enter  into  its 
de^gnation, — as  the  Sulphate  of  Argil  and  Potash^  or  t&e 
Tartrate  of  Potash  and  Soda. 
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OF  NITRIC  ACID  AND  THE  OTHER  COMBINATIONS  OP 

NITROGEN  WITH  OXYGEN. 

-]N^iTKicAcid>  long  known  to  chemists  in  it  state  of  greater 
or  less  purity,  is  a  compoandof  %xLygen  and  nitrogen*, 
The  properti^  of  nitrogen  haTing  been  already  considered^ 
the  history  of  the  acid,  and  of  the  other  compounds  which 
nitrogen  forms  with  oxygen,  remains  to  be  delivered  under 
this  chapter.  With  a  smaller  proportion  of  oxygen  than 
what  enters  into  the  composition  of  nitric  acid,  a  compound 
is  formed,  having  no  acid  properties,  denominated  there- 
fore Nitric  Oxide.  With  a  still  smaller  proportion,  ano- 
ther compound  of  uniform  composition  is  producted,  nam<- 
ed  Nitrous  Oxide^  When  nitric  aoid  has  imbibed  a  por- 
ticm  of  nitric  oxide,  it  acquires  some  peculiar  |>roperttes, 
and  in  this  state  has  received  the  distinctive  appeHation  of 
Nitrous  Acid  ;  which  some  chemists  have  likewise  regard«- 
ed  as  a  compound  in  which  oxygen  and  tdtrogen  are  in 
durect  combination  in  specific  proportions.  When  the 
proportions  of  the  elements  of  these  compoubdiB  are  redu- 
ced to  volui^es,  they  afford  a, striking  illustration  of  the 
law  observed  by  Gay-Lussac  to  regulate  the  combinationa 
of  elastic  fluids,  already  stated,  (p»  60..),  nitrous  oxide  being 
composed  of  100  of  nitrogen  with  50  of  oxygen,  nitric  oxide 
of  100  with  100,  and  nitric  acid,  there  is  reason  to  believe. 


378  OF  NITRIC  ACID. 

of  100  of  nitrogen  wkh  200  of  oxygen^  all  of  them  simple 
proportions  by  Volume,  This  last  number,  however,  is  ra- 
ther doubtful. 


Sect,  I, — Of  Nitric  Acid. 

This  acid  being  capable  of  being  extracted  without  inadt 
difficulty  frofn  common  nitre,  had  been  long  known  to 
chemists,  and  in  a  diluted  state  had  been  used  in  iite  che- 
mical arts,  under  the  natae  of  Aquafortis*  Priesdey  ob- 
served, its  partial  decomposition,  and  it|  reproduction  from 
the  union  of  nitric  oxide,  the  product  of  that  decomposition, 
with  oxygen.  Cavendish  discovered  its  ultimate  compodh 
tion,  and  proved  that  nitrogen  is  its  base. 

This  was  done  by  a  very  simple  experiment, — taking 
the  electric -spark  for  a^  considerable  time  in  atmospheric 
air,  confined  in  a  tube.  The  volume  was  diminished,  aa 
acid  was  produced,  and  th^s  acid  was  found  to  be  nitric. 
If  a  portion  of  oxygen  jgas  were  added  tp  the  air,  and  the 
electric  spark  continued  sufficiently  long,  the  disappearance  ^ 
of  the  whole  wa3  nearly  complete ;  and  a^  similar  result  was 
obtained,  from  submitting  to  experiment  a  mixture  of  oxy- 
gen and  nitrogen  gases.  In  all  these  cases,  the  electric 
spark  establishes  the  combination  of  the  gravitating  matt^ 
of.  the  two  gases;  and  the  principal  peculiarity  which  at- 
tends this  combination  is  the  dbwuess  with  which  it  takes 
place,  ajud  its  not  being  accompanied  with  any  sensible  ex* 
trication  of  heat  or  lights 

Analysis  likewise  establishes  the Jcotnp6sitiOn  of  nitric 
acid.  .  If  it  be  passed  tlu'ough  an  ignited  ^ass/or  earthen 
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lube^  it  is  resolved  into  oxygen  and  nitrogen  gases;  its 
valine  compounds  exposed  to  a  red  .heat^a&rd  the  same 
elements ;  and  its  oxygen  can  be  abstract^  by  inflamma-. 
ble  substances,  its  nitrogen  being  evolved  either  pare^.  or 
retaining  a  portion  .of  oxygen  combined  with  it^  which. by 
&rther  operations  may  b6  abstracted. 

The  proportions  of  its  principles  have  been  variously 
stated.  ITiose  assigned  by  Cavendish  were  72.2  of  oxy- 
gen>  and  27.8  of  nitrogen  by  weight.  Mr  Davy  slated 
them  not  far  different  from  these,  at  70.5  oxygeUy  and  29.5 
6(  nitrogen.  The  latter  are  not  far  from  the  proportions 
of  100  of  nitrogen  and  200  of  oxygen  by  measure :  from 
the  law  which  appears  to  regulate  the  combin^^i^on  of  elas^ 
-tic  fluids,  that  it  takes  place  in  simple  proportions  by  vo- 
lume, there  is  i^ome  reason  ta  admit  these  as  the  propor- 
tions. Gay-Lussac,  accordingly,  from  the  known  compo- 
sition of  nitric  oxide,  and  the  quantity  of  oxygen  with 
which  he  finds  it  to  combine  to  form  nitric  acid,  states  the 
pi^oportions  at  100  of  nitrogen  and  200  of  oxygen  h^  mea- 
sure, or  30.5  of  the  foi*mer,  and  69.5 .  of  the  latter  by 
weight.  Some  chemiiits,  however,  consider  this, as  £till 
doubtful:  and  the  proportion  of . nitrogen  has  ev^  been 
.stated  so  low  as  100  by  volume  to  250  of  oxygen^  or  by 
weight  26,5  to  73.5. 

Nitric  acid  is  obtained  fi^om  the  decomposition  of  nitre, 
a  s^lt  in  which  it  exjsts  combined  with  potash,  and  the 
process  usually  followed  is  that  by  the  medium  of  sulphuric 
acid.  Two  parts  of  nitre  in  coarse  powder  are  put  into  a 
retort,  and  rather  more'than  one  part  of  sulphuric  acid  is 
poured  upon  it,  the  retort  being  placed  in  a  sand  bath,  and 
connected  with  a  large  receiver.  A*  moderate  heat  is  ap- 
plied to  produce  distillation,  towards  the  end  is  gradually 
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raised,  and  is  continued  as  long  m  any  acid  is  prodacedL 
The  sulphuric  «^cid  combines  with  the  potash  of  the  nitre^ 
fuid  disengages  the  nitric  acid^  this  decomposition  b^g 
aided  by  the  greater  volatility  of  the  nitric  acid.  The  m- 
trie  acidi  however,  when  disengaged,  is  also  partially  de- 
composed ;  losing  a  little  of  its  oxygen,  a  portion  of  il 
passes  to  the  state  of  nitric  oxide,  and  this  being  absorbed 
by  the  add  which  distils  over,  giv<^s  it  a  yellow  colour  more 
or  less  deep,  or  converts  it  into  nitrous  acid.  This  decom- 
position appears  to  arise  in  a  great  measure  from  the  ac- 
tion of  the  high  temperature,  and  hence  it  takes  place  prin*- 
cipally  towards  the  end  of  the  distillation.  The  addition 
of  more  sulphuric  acid  than  is  strictly  necessary  to  neutra- 
lise the  potash  of  the  nitre  is  useful,  partly  from  the  quai^ 
iity  aiding  its  affinity,  and  partly  by  affording  water  to 
preserve  the  constitution  of  the  nitric  acid. 

In  .consequence  of  this  partial  decomposition,  an  addi- 
tfenal  process  is  requisite  to  obtain  nitric  acid.  The  co- 
loured acid  is  exposed  to  a  gentle  heat,  applied  by  a  water 
bath ;  the  nitric  oxide  holding  a  portion  of  nitric  acid 
combined  with  it  is  expelled,  and  the  acid  becomes  nearly 
colourless ;  oi",  what  succeeds  more  completjely,  the  nitrous 
acid  is  distilled  from  a  little  oxide  of  manganese,  wloch 
imparting  to  it  oxygen,  converts  it  into  nitric. 

Nitric  acid  is  colourless  and  transparent  i  it  emits  white 
vapours,  having  a  peculiar  odour.  It  has  all  the  acid  pro- 
perties, tastes  sour  even:  when  much  diluted,  reddens  the 
vegetable  colours,  and  iieutralizes  the  properties  of  the  al- 
kalis and  earths.  Its  specific  gravity  in  the  strongest  state 
in  which  it  can  be -procured  is,  1.55  at  'SiP.  In  this  state  it 
j^ontains  a  quantity  of  combined  water,  equal,  according  to 
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^  Kirwao  and  Daiton,  to  S6»  in  100  parts.  Thw,  bovewr*  i$ 
not  determined  'with  perfect  certainty.  The  presence  of 
water  is  essential  to  the  add  in  its  insulated  8tate»  as  it  can 
neither  be  fonned>  nor  can  it  be  disengaged  from  its  saline 
combinations  without  water  be  suppiied  to  it« 

This  acid  freezes  by  cold,  the  facility  of  congelation  va- 
rying considerably,  according  to  its  state  of  conpentr«tion : 
if  it  is  highly  concentrated,  or  if,  on  the  other  hand,  it  ja 
much  diluted,  it  freezes  with  more  difficulty  than  when  of 
intermediate  strength*  It  is  volatilized  by  heat ;  t^t  its 
vc^atility  is  also  much  influenced  by  its  state  of  concenl7»» 
tion  ;  the  highest  boiling  ptoint  is  that  of  the  acid  of  the 
specific  grav^ity  of  1 .42 ;  it  boik  at  24S^,  if  either  stronger 
or  weajce^  than  this,  it  boils,  at  a  lower  temperature.  Thi% 
too,  is  the  only  acid  which  rises  uticbanged  by  belling,  a 
weaker  acid  becoming  stronger,  and  a  stronger  acid  than 
^hls  becoming  weaker  as  it  boils..  At  a  higher  heat  the 
add  is.  partially  decomposed,  and  at  the  temperature  of  igf 
ziition,  i^  is  resolved  into  oxygen  and  nitrogen  gases»  A 
^rtial  decomposition  of  it  is  also  efi^cted  by  light  i  oxygen 
is  expelledy.  and  it  passes  to  the  state  of  nitrous  acid^ 
.  Nitric  acid  has  a  considerable  affinity  to  water :  it  at** 
tcaets  it  from  the  atmosphere,  and  it  combines  widiit  in 
every  proportion.  In  consequence  of  this  affinity,  too>  jit 
acts  witli  energy, on  ice  and  siiow,  liquefying  them  rapidly, 
and  producing  intense  cold. 

The  affinity  between  the  etements  of  this  acid  not  being 
strong,  it  is  decomposed  by.  metallic  and  iDflammable  bo^ 
diss  which  attract  its  oxygen  partially,  or  completely ;  and 
in  consequence  of  this  facility  with  which  it  yields  oxygen^ 
it  acts  with  much  energy  oa  these  substances. 
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It  ccynbines  with  the  alkalis^  earths  and  metallic  ifiides^ 
forming  salts,  denominated  Nitrates.  These  are  all  sola- 
Ue  in  water  and  crystallizaUe ;  they  have  a  cool  penetrat- 
ing taste ;  are  decomposed  at  a  high  temperature,  affording 
oxygen,  and  in  consequence  of  this  deflagrate,  when  heat- 
ed with  combustible  bodies. 

NiTRATEf  OF  Potash  is  the  salt  well  known  by  the  name 
of  Nitre  or  Saltpetre.  Iii  warm  climates  it  is,  under  cer- 
tain circumstances,  formed  spontaneously  at  the  surface  of 
the  soil ;  it  is  thus  procured  in  India,  whence  the  nitre  we 
use  is  imported.  la  some  countries  of  Europe,  the  pro- 
duction of  it  is  favoured  by  artificial  arrangements.  -  Ve- 
getable and  animal  substances,  with  an  intermixture  of  old 
plaster,  mortar,  or  other  forms  of  carbonate  of  lime,  are 
put  into  ditches  lined  with  clay,  and  covered  with  sheds  to 
protect  th^m  from  the  rain,  while  the  air  is  admitted.  They 
ar^e  turned  up  occasionally,  and  at  the. end  of  a  few  months, 
when  washed  with  water,  afibrd  nitrates  of  potash  and  Kme. 
A  quantity  of  wood  ashes  is  added  to  the  solution,  the  po- 
tash of  which  decomposes  the  nitrate  of  lime,  and  increases 
the  product  of  nitrate  of  potash ;  this  salt  is  obtained  in 
crystals  by  evaporation,  and  is  purified  from  a  portion  of 
muriate  of  soda  and  other  saline  matter  which  adheres  to 
it,  by  repeated  solutions  and  crystallizations. 

The  nitre  does  not  pre-exist  in  these  materials,  and  is 
therefore  obviously  formed  in  the  process.  As  an  iilter- 
mixture  of  animal  and  vegetable  matter,  the  presence  of 
carbonate  of  lime  and  the  admission  of  the  atmospheric 
air  arc  all  necessary,  it  is  probable  that  the  nitrogen  of  the 
animal  matter  combines  with  the  oxygen  of  the  air,  and 
perhaps  with  a  portion  of  the  oxygen  of  the  vegetable  mat-" 
ter,  and  foi'mg  the  acid :  the  carbonate  of  lime  favouring 
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this  combination  by  the  resulting  af&ilty  exerted  by  tiie 
Ume^  and  attracting  the  acid  as  it  is  formed :  the  vegetable 
matter  moderates  the  decomposition  of  the  animal  substan- 
ces, and  prevents  their  running  into  that  putre&ction  by 
which  the  nitrogen  is  spent  in  the  formation  of  ammonia  3 
it  may  farther  afford  the  potash>  which  is  the  base  of  the 
nitre,,  though  it  has  also  been  supposed  that  a  part  of  this  is 
formed  in  the  process.  A  certain  degree  of  humidity  favours 
the  jnutual  actions  whence  these  combinations  tirise,  and 
difiEuses  more  equally  through  the  materials  the  nitrous .salta* 
Nitre  crystallizes  in  six-sided  prisms  acuminated  by  six 
planes ;  its  taste  is  cool ;  it  ijs  soluble  in  seven  parts  of  wa* 

lite 

ter  at  60%  a  production  of  cold  attending  its  solution^  and 
in  an  equal  weight  of  boiling  water.  It  melts  easily :  if  ^ 
the  heat  be  raised,  apartial  decomposition  of  the  acid  takes 
jdaoe,  and  oxygen  gas  is  expelled ;  and  at  the  temperature 
of  ignition,  the  decomposition^  is  more  complete,  and  oxy* 
gen  and  nitrogen  gases  are  disengaged.  The  proportions 
of  its  elements  have  been  stated  at  from  51  to  53  of  po- 
tash, with  from  44^  to  ^S.6  of  acid. 

From  its  facility  of  decomposition  by  heat,  nitre  produces  - 
deflagration,  when  heated  with  inflammable  bodies,  as  has 
been  i  explained  under  the  general  theory  of  combustion. 
It  is  from  this  that  it  is  the  principal  ingredient  in  the 
composition  of  gunpowder,  which  consists  of  75  par^  (^ 
it  by,  weight  with  16  of  charcoal,  and  9  of  sulphiur.  These 
ingredients  are  thoroughly  mixed  by  continued  trituration* 
a  small  quantity  pf  water  being  added  to  favour  this  ^  the 
paste^  into  which  the  composition  is  at  length  brought,  is 
granulated  by  pressing  it  through  a  sieve,  and  the  grains^ 
afterthey  ^re  dry,  are  rounded  and  glazed  by  friction  from 
agitation.    The  deflagration  of  the  gunpowder,  when  qjsl 


.i 


^ 


384  OF  NITBIO  ACI0. 

Ignited  ^parkiklls  on  it)  isowing  tp.the  r^id  comnnmioN 
tion  of  the  qxygea  to  the  sulphur  find  the  charcoal^  the  sxiif^ 
phur  in  particular  being  easijy  inflamed  i  and  its  great  ex** 
pansive  force  depends  on  the  sudden  extricatioai  of  th^ 
aerial  products)— ^sulphureous  acid  and  carbonic  acid  form* 
ed  by  the  oxygenation  of  the  sulphur  and  charcoa))  and 
nitrogen  from  the  decomposition  of  the  aoid,  probably 
witfh  watery. vapour,,  the  elasticity  of  these  being  much  in** 
creased  by  the  caloric  rendered  sensible.  Another  detON 
Slating  compositicm  still  more  powerful  than  gunpowder5 
of  which  nitfe  is  the  principal  ingredient,  is  that  named 
Puivis  Fulminans.  It  consists  of  ^ree  parts  of  nitre,  two 
of  sub-K^arbonate  of  potash,  and  one  of  ^ulpl^ur  triturated 
'  together :  when  heated,  it  explodes  with  a  very  loud  re- 
)  port.  Its  detonation  appears  to  be  owing  to  the  format 
tion  of  splphuret  of  pptasb,  i^hich,  redacting  on  the  water 
contained  in  the  salts,  disengages  sulphuretted  hydr<%eiif 
and  this  presented  in  its  nascent  state  to  the  oxygen  of 
the  nitre,  forms  sul^urous  acid  and  watery  vapour  in  a 
state  of  high  elasticity  from  the  caloric  disengaged. 

Nitrate  of  Soba  crystallines  in  rhomboidal  prisms* 
Its  taste  is  cool  and  penetrating ;  it  slightly  attrad;s  mois^ 
ture  from  the  air  $  is  soluble  in  three  parts  of  water  at  60, 
and  in  an  equal  weight  of  boiling  water  $  it  is  scarcely  so 
&sible  08  the  nitrate  of  potash,  but  is  decomposed  by 
heat  in  the  same  manner,  iand,  like  it,  excites  deflagration 
when  heated  with  inflammable  substances. 

Nitrate  of  Ammonia  crystallizes  in  slender  iqur-sided- 
prisms,  of,  if  the  solution  has  been  more  concentra[ted  in 
indistinct  crystals,  wliicb  form  a  compact  ma^s,  retaining 
less  water  of  crystallization  than  the  more  regular  crystals. 
Its  taste  is  cool  and  bitter  j  it  is  deliquescent,  aod  solublp 
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in  two  parts  of  coHA  water,^  and  half  ltd  weight  of  boiling 
water.  It  «mclergo5e»the  wateiy  lueton*  from  a  moderate 
heat,  and  the  water  of  cry^alUwition  is  expelled  t  ^  the 
heiit  is  increased,  it  i^  decornptoiaedr  aiid  if  raised  to  igni- 
tion, tJiere  is  detonation  from  the  combination  of  Ae  oi^y- 
gen  of  the  add  with  the  hydrog«i  qf  the  ammonify.  This 
happens  at  temperatures  aboire600:  at  temperatures  be- 
^tween  SOiO  and' 500,  the  decomposition' jproceeds  more 
slowly  5  the  products  are  nitrous  oxide  and  watery  Vapour, 
and  it  is  from  this  decompodtion  that  nitrous*  oxide  is  ob- 
tained in  itsLpurest  form. 

Nitrate  of  Baeyt£s  is  obtained  by  dissolving  the  na- 
tive carbonate  in  diluted  nitric  acid :  it  crystallizes  on  eva- 
poration, in  oetaedrons,  or  in  small  brilliant  ptates :  the 
crystals  are  not-  mdch  altered  by  exposure  to  the  air :  they 
are  soluble  in  10  or  l^  parts  of  water  at  60^,. and  in  3  or 
4*  parts  of  boiling  water.  It  is  decomposed  by  heat,  its 
acid  b^ing  Converted  into  oxygen  and  nitrogen  gases.  It 
detonates',  but  feebly,, with  inflammable  bodies. 

NiTBATTfi  OP  Strontites  IS  formed  by  pouring  dilnted 
nitric  acid  on  the  native  carbonate.  It  crystaUizes  in 
bexaedral  pyramids,  or  in  oetaedrons.  This  salt  is  soluble 
in  its  own  weight  of  water  at  60®;  and  at  2 12°  it  dissolves  in 
little  tnore  than  half  its  weight.  It  is  deliquescent  in  a 
humid  atmosphere ;  in  a  dry  atmosphere  it  effloresces.  It 
is  decomposed  by  heat,  and  it  deflagrates  feebly,  when  laid, 
on  burning  fuel.'  ^  . 

Nitrate  of  Lime  is  generally  found  in  those  situations 
in  which  nitrate  of  potash  .is  formed.  When  its  solution 
is  evaporated  to  the  consistence  of  a  syrup,  it  affords  slen- 
der prismatic  crystals,  deliquescent,  and  soluble  in  less 
than  an  equal  weight  of  water  at  tb^  ten^perature  of  60, 
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and  in  still  less  boilirig  water.  They  are  also  soIuUe  in 
alkoboL  Exposed  ta  beat,  they  undergo  the  watery  fu- 
sionf  and  are  decomposed,,  the  acid  being  expelled.  By 
haying  been  h^ted  |;t  becomes  phosphorescent,  and  retains 
this  property  when  cold.  When  thrown  on  burning  fnel, 
it  melts,  and  detonates  slightly, 

NiTitATE  OF  Magnesia  has  a  taste  bitter  and  acrid.  Its 
crystallization  exhibits  a  mass  of  small  needle^Iike  crystals: 
by  spontaneous  evaporation,  it  concretes  in^  quadrangular 
prisms :  it  is  deliquescent )  is  soluble  in  its  own  weight  of 
water  at  60^,  and  in  half  its  weight  of  boiling  water :  it  is 
also  soluble  in  alkohoL  By  exj^sure  to  heat,  it  is  decom-^ 
posed. 

Nitrate  oe  Argil. — The  solution  of  argil  in  nitric 
acid  becomes  gelatinous  on  evaporation,  and  soft  crystal- 
line scailes  are  formed,  retaining  generally  an  excess  of 
acid :  having  a  taste  sour  and  astringent :  easily  soluble  in 
water,  and  deliquescent.  The  nitrates  formed  from  the 
remaining  earths  have  been  little  examined,  and  are  of  no 
importance.  The  solution  of  Zircon  in  the  acid  affords  a 
transparent  resinous-like  matter,  not  easily  dried,  having 
an  astringent  taste.  That  of  Glucine  cannot  be  crystal- 
lized, but  by  evaporation  forms  a  gelatinous  mass,  which 
is  very  deliquescent.  Nitrate  of  Ittria  assumes  a  gela- 
tinous consistence  by  evaporation,  and  beeomes  brittle 
when  this  jelly  cools.     Its  taste  is  sweet  and  astringent. 
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SEGTi||.-^(y  37r/rows  Add* 


Th£  name  ^1;^ itn^^^  Acid  is  given  to  the  yellow  acid 
obtained  by  t}]e  ^lial  process  of  decomposing  nitre  by  sul<* 
pharic  acid;  and  it  has  been  remarked,  that  it. owes  its 
yellow  colour  to  the  presence  of  a  portion  of  nitric  oxide* 
When  this  is  disengaged  by  a  moderate  heat,  it  becomes 
colourless,  and  if  nitric  oxide  is  transmitted  through  it  in 
this  state,  it  regains  its  colour. 

It  spears  to  follow  from  these  &cts,  that  there  is  no 
acid  of  determitiate  composition  to  which  the  name  Nitrous 
can  be  prope^rly  applied.  What  is  called  such  is  nitric 
acid  holding  nitric  oxide  dissolved :  and  the  quantity  of 
this  may  be  variable,  and  even  indefinite,  between  the  mi- 
nimum and  mastimum.  According  to  the  quantity  com- 
municated,  the  colour  is  deeper.  From  a  portion  not  ex- 
ceeding 1.2  of  nitric  oxide  by  weight  in  100  parts,  a  pale 
yellow  colour  is.  communicated ;  this,  as  the  quantity  is 
increased,  passes  through  shades  of  bright  yellow  to  dark 
orange,  in  which  the  proportion  amounts  to  about  5.5 ; 
beyond  this  an  olive  colour,  and  then  a  bright  green, 
verging  into  blue,  is  obtained,  and  if  the  transmission  of 
the  nitric  oxide  gas  be  continued  longer,  it  communicates 
its  elasticity  to  the  liquid  acid,  and  the  whole  rises  in  very 
dense  red  suffocating  vapours* 

Some  chemists  have,  however,  assumed  the  existence  of 
an  acid  of  determinate  compO!sition,  and  h^ve  in  particular 
given  this  name  to  the  compound  in  which  the  largest  pro- 
portion of  nitric  oxide  gas  is  condensed  /by  oxygen  gas. 
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Cray-Lussac  finds,  that  three  volumes  of  the  former  is  the 
largest  quantity  that  can  be  condensed  by  one  of  the  lat- 
ter: he  considers  this,  therefore,  as  the  proper  nitrous  a- 
cid,  and  as  nitric  oxide  consists  of  equal  volumes  of  nitro- 
gen and  oxygen,  it  gives  a  compound  composed  of  3  mea* 
sufes  of  the  former,  and  5  of  the  latter.  Mr  Daltcm  finds 
that  one  measure  of  oxygen  gas  can  condense,  at  tlie  max- 
imum quantity,  3.6  measures  of  nitric  oxide  gas.  Thb 
compound  too,  Berzelius  considers  iub  nitrous  acid,  and 
states  its  composition  at  37.4  of  nitrogen,  and  6S.6  of  o(^- 
gen.  These  combinations  cannot,  however,  be  estaWsbed 
exclusive  of  the  agency  of  water,;  and  when  its  agency  is 
admitted,  the  most  pr^Hable  view  is,  that  it  condenses  the 
nitric  acid,  which»  at  the  same  time,  combines  with  a  por« 
tion  of  nitric  oxide',  condensed  from  the  affinity  exited 
towards  it,  both  by  the  acid  and  the  water.  The  quantity  of 
this  varies  as  tha  water  is  more  or  less  freely  admitted,  and 
there  is  lio  conclusive  proof  of  the  existence  of  a  coloured 
acid  containing  fixed  and  specific  proportions,  considering 
its  elements  either  as  nitric  oXide  and  oxygen,  or  nitrogen 
and  oxygen. 

In  its  gaseous  form,  nitrous  acid  forms  a  vapour  of  a 
very  deep  red  colour,  extremely  sufibcatkig;  its  specific  gra* 
vity  is  2.427,  air  being  1000;  it  is  rapidly  absorbed  by  wa- 
ter, forming  a  solution  of  a  green  colour.  It  acts  on  in* 
flammaUes,  and,  in  particular,  Sustains  the  combustion  of 
phosphorus.  "        ' 

The  liquid  acid  is  more  or  less  coloured  according  tQ 
the  quantity  of  nitric  oxide  $  its  specific  gravity  is  ako  di- 
minished, a  pale  acid  of  1.52,  when  converted  into  yellow 
acid,  becoming  nearly  of  the  specific  gravity  of  1.51.  The 
acid  obtained  by  distillation  from  nitre  and  sulphuric  acid 
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]$  usually  of  a  pale  y^low  colaar :  but.  if  tbe  heat  bos  been, 
rais^  yery  high  towards  the  end  of  the  proems,  it  is  of  a: 
deeper  c9lour;  and  if  any  inflaipmable  matter  has  been 
cwtaii9^  in.  tbe,  oiaterial^i  it  is  of  a  d^ric  oi!aBge  red.  The 
colours  wbi(^  the  acid  assumes  from  this  impreguation  of 
pitricioxidey  are.  likewise  dependant  on  its.state  with  regard 
ta  dilution.  If  the  dar^  orange- coloured  add  be  mixed 
with  water,  the  dilBTereot  .shades,  are  produced*  with  a  large 
quantity  of  water,  blue,  with  more  acid>  olive,  and  bright 
green.  These  colours  are  not  permanent ;  the  oxygen 
loosely  dissolved  in  the  water,  or  imbibed  from  the  atmos* 
phere,  oxygetetiMg  tN  ixitdc  oxidet  and  bringing  the  whole 
to  the  state  of  nitric  acid. 

JMitrous  af^id  in, its  relations. to  other  chemical  agents  is 
similar  to  uitric^-aeid. .  It  oxidizes  iu  the  same  manner, 
wd  with  the.  sainepbenomena^  inflammable  bodies  and 
metabi  and  combines  with  the  metallic  oxides.  These 
combinations  are  indeed  merely  those  of  the  nitric  acidt  as 
thoLiutrous  oxide  is  disengaged  during  theprocess. 

The  Qompounds  of  nitrous  add  with  tbe  alkalis  or  earths' 
can  scarcely  be  obtained  by  direct  comifabiation ;  for  when 
it  is  added,  the  greater  part  of  tbe  nitric  oxide  is  expelled. 
They  are.  usuidly  obtained  by  an  indirect  mode,  pointed 
out  by  Sch^Ie^  (bat  .of  ^posing  a  nitrate  to  suclua  heat 
as  partially  decomposes. the  nitric  acid,  and  expels  part  of 
its. oxygen*  The  retnainiug  acid  with  a  pottion  of  nitric 
oxide  exists  in  combination  with  the  alkaline  base,  forming 
thtt  salts  which  have  be«i  jaaroed  Nitrites.  They  are  easi- 
ly decomposed,  give  out  nitroits  acid  vapour,  on  the  efiii*^ 
fiion  x^fmv  acid.  On  exposure  to  the  atmosphere,  they  ab«- 
sorb  03tygen,  and  return  to  the  state  of  nitrates. 

As  the  chemical  properties  and  agencies  of  the  nitric  and 
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'  nitrous  acids  Are  'so  much  aUke,  the  latter  is  generally  osed 
in  the  arts,  and  indeed  for  most  of  the  purposes  to  whidi 
the  other  might  be  applied,  as  it  is  more  easily  procured. 
The  acid  also,  for  the  greater  number  of  purposes  finrwhi^ 
it  is  used,  must  be  diluted,  and  in  this  dihiticMi  it  soon  pas- 
ses to  the  state  of  nitric.  *  The  aquqfiniis  of  commerce  is 
nitric  acid  diluted,  and  generally^impure  from  the  admix- 
ture of  muriatic  and  sulphuric  acidsir 


Sect.  III.— Of  Nitric  Oxide, 

From  the  action  of  diluted  nitric  acid  on  metak,  an  das^ 
tic  fluid  is  disengaged,  which  was  observed  by  Hales,  and 
afterwards  examined  by  Priestley,  who  gave  it  the  name 
of  Nitrous  Air,  or  Nitrous  Gas,  a  name, not  suiEciently 
distinctive,  and  for  which,  therefore,  that  of  Nitric  Ox- 
ide Gas  has  been  substituted.  It  is  a  compound  of  oxy- 
gen and  nitrogen,  containing  a  smaller  proportion  of  oxy- 
gen than  nitric  add.  Its  formation  in  the  above  process, 
is  due  to  the  metal  abstracting  a  portion  of  the  oxygen  of 
the  acid,  the  nitric  oxide  assuming  the  elastic  form.  It  is 
not  always  evolved  pure,  the  abstraction  bf  oxygen  some- 
times  proceeding  to  a  greater  extent,  and  nitrous  oxide  or 
nitrogen  gas  being  also  evolved.  It  is  obtained  in  the  state 
of  greatest  purity  in  the  action  of  diluted  nitric  acid  on 
quicksilver  or  copper;  one  part  of  the  concentrated  acid 
being  diluted  witli  four  or  five  parts  of  water,  aud  poured 
on  copper-filings  in  a  retort ;  on  applying  a  very  moderate 
heat,  the  copper  decomposes  the  add  by  attracting  oxyg^i, 
and  nitric  oxide  gas  is  disengaged.  •  \ 
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'  The  rdation  of  this  elastic  fluid  to  nitric  udd  is  not  on- 
ly established  by  tbe  nature  of  the  process  by  which  it  is 
obtained^,  its  composition  is  likewise  established  by  its  ana^ 
lyas.  By  taUng  the  electric  spark  in  it,  it  is  converted  in- 
to nitrogen  gas^  and  nitrons  acid*  When  exposed  to  the 
action  of  substances  exerting  a  strong  attraction  to  oxy-^ 
gen,  it  is  partially  or  entirely  diKrompesedw  Thus  by  the 
action  of  iron  or  zinc,  of  phosphorus  or  charcoal,  it  is  con* 
yerted  either  into  nitrogen  gas,  the  whole  of  its  oxygen  be* 
ing  abstracted,  or  into  nitrous  oxide,  part  of  it  only  being 
removed.  From  these  analytic  experiments^  Mr  Davy  fix« 
ed  the,  proportions  of  the  principles  of  this  compound  at  56 
of  oxygen,  and  44$  of  ni^<^en  by  weight.  This  gives  the 
proportions  by  volttme  of  5^*5  with  50,  n<»t  very  different 
from  that  of  equal  volumes*  By  a  new  analysis  of  nitric 
oxide  by  potassium,  Gay-Ltissae  accordingly  finds  it  to  be 
comJK)6ed  of  equal  volumes  of  oxygen  Mid  nitrogen,  or  by 
weight,  53.24  of  the  former,  and  j46«76  of  the  latter* 

Nitric  oxide  is  permanently  elastic,  colourless,  and  there- 
fore invisible.  It  is  rather  heavier  than  atmospheric  air> 
the  i^oportion  being  1.0388  to  1000.  100  cnWc  indies 
wejgh  3 1.7  grains.  '  '  ■ 

It  proves  extremely  deleterious  to  animal  life. »"  Warm- 
blooded animals  die  almost  immediately  on  a  fiiU  inspira* 
tion  of  it,  and  the  irritability  of  the  heart  is  destroyed. 
Insects  ,  which  live  in  severol  other  noxious  gases,  aa% 
quickly  killed  by  immersion  in  it^  and  fishes  die  in  water 
impregnated  with  it.  It  proves  even  noxious  to  vegetable 
1^,  the  leaves  of  a  growing  plajat  sckhi  becoming  withered 
in  it,  and  tfae^  plant  dying. 

Exposed  to  dinUUed .  watery  a  portion  of  it  is  absorbed 
equal,  when  the  water  has  been  {Hreviously  freed  from  air 
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bj  boiling,  to  about  -rVth  of  the  bulk  of  the  water*  Tbe 
greater  part,  but  not  the  whole  o£  the  gas  is  again  expdW 
led  unchanged  at  a  temperature  of  21^^.  Bj  comu^u 
spring  water,  a  laiger  quantity  is  absorbed,  the  nitric 
oxide  being  in  part  converted  into  nitric  acid,  by  the  oxy- 
gen which  water  holds  loosely  dissolved. 

When  the  water  is  impregnated  with  certain  metallic 
salts,  as. with  the  green  sulphate  or  green  muriate  of  iron» 
it  condenses  a  much  larger  portion  of  nitric  oxide  gas. 
This  has  been  supposed  owing  to  a  decomposition  of  the 
gas,  its  oxygen  being  attracted  by  the  metric  salti  apd  in 
confirmation  of  this,  it  has  beeu  observed,  that  a  i}ortion 
of  nitrogen  exists  in  the  residual  gas.  A  portion  of  wat^r^ 
too,  is  decomposed,  the  hydrogen  of  which  combines  with 
the  nitrogen,  and  forms  ammonia.  Davy,  however,  has 
affirtned,  that  the  gas  is  merely  absorbed :  if  the  action  of 
the  atmospheric  air  be  carefully  exclu(|ed,  he  staled  that  the 
liquid  has  no  sensible  acidity,  and  the  nitric  oxide,  gas  may 
be  procured  from  it  unchanged,  either  by  the  removU  of 
pressure  by  the  air-pump,  or  by  applying  a  very  moderate 
heat.  ^  It  is  only  if  the  air  is  admitted  that  nitri^  acid  and 
ammonia  are  formed. 

Nitrlcoxide  gas  has  no  acid  properties.  Its  solution  in 
water,  freetl  from  air,  does  not  taste  sour,  nor  does  it  redr 
den  the  vegetable  colours.  Neither  does  this  happen  from 
die  introduction  of  the  gas  itself,  previously  washed  in  w^^ 
ter,  ro  vegetable  coloured  infusions.  The  colour,  how* 
ever,  is  impaired. 

.  Nitric  oxide  gas  is  capable  of  supporting  combustion  in 
some  substances  only,  and  in  them  only  at  an  elevated 
temperature.  A  lighted  taper  immersed  in  it  is  extin- 
guished, as  is  sulphur  introduced  in  a  state  of  Inflamma* 
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ticjfe.     Phosphorus  may  be  fused  in  it  Without  burning  j 
bat  if  introduced  in  a  state  of  actii?e  combustion,  it  burns* 
with  spleatfeur.     Pyrophorus  burns,  in  it  at  a  low  tempe-' 
ratare.    Ciiateoal  suspended  init^  in  a  state  of  ignitio!i,; 
burns  feebly. 

With  oxygen  nitric  oxide  gas  combines  with  great  fad-* 
lity,  and  this  ferms  its  most  important  and  characteristic 
pre^Exerty.  1%ey  instantly  combine,  and  a  red  coloured 
vapour  is  prodnced,  which,  if  the  experiment  be  made 
over  water,  is  immediately  absorbed,  leaving,  if  the  gases 
be  pure,  no  residnihh ;  and  what  is  singular  in  «o  rapM  a 
combinbtiiHx  of  oocygen,  no  senmble  emission  of  light  at- 
tet^  the  combination,  and  so  Sttle  caloric  is  rendered 
sa^isible,  limt  th^  vessel  scarcely  becomes  sensibly  warm  ta 
,  the  hand.  The  phenomena  are  similar  when  nitric  oxide 
gaS'  is  presents  to  atmospheric  air ;  the  os^gen'  is  con* 
densedi  and  if  the  dee  proportions  have  been  observed^ 
the  nitrogen  of  the  atmospheric  air  remains  pure. 

\Frbm  the  application  of  this  combination  to  eudiome- 
trroal  experiments,  it  is  an  object  of  considerable  impor- 
tance to  determine  with  precision  the  proportions  in  which' 
these  gases  combine  so  as  to  produce  mutual  condensation. 
Butthis  has  been  found  very  difEcuIt ;  results  extremely 
discordant  have  been  given  on  dififerent  authorities,  some 
fixing  the  quantity  of  oxygen  condensed  at  lOO,  by  200 
measures  of  nitric  oxide  gases  $  others  finding  t£at  250,  or 
evai  S0O  of  thelatter,  are  condensed  by  200  of  the  former. 
These  differences  arise  from  the  circumstance,  that  oxyl 
gen  and  nitriq  oxide  are  capable  of  combining  in  different 
proportions,  or  if  there  is  one  proportion  in  which  they  are 
mutoally  saturated,  the  compound  which  results  from  this 
proportion  is  capable  of  absorbing  variable  proportions  of 
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nitric  oxide,  and  these  are  materially  determined  by  tbe 
circumstances  under  which  the  combination  takes  place* 
The  presence  of  water,  in  particular,  by  condenaog  the 
product,  has  a  very  important  influence*  If  it  is  entirely 
excluded,  as  by  combining  the  two  gases  in  an  exhausted 
globe,  an  elastic  product  of  a  red  colour  is  Ibormed,  with  a 
condensation  of  about  half  their  volume,  when  two  mea- 
sures of  nitric  oKide  and  one  of  oxygen  are  comUned* 
This  aeriform  product  may  admit  variid^Ie  quantities  of 
oxygen  or  of  nitric  oxide  into  the  combination.  If  water 
be  admitted  to  condmise  the  elastic  fluid,  it  does  so  during 
the  progress  of  the  combination  itself,  determines  the  pro- 
portions,  therefi>re,  in  which  this  takes  plac^  and  readers 
these  proportions  difierent,  as  il  is  more  or  less  freely  ad* 
mitted.  The  larger  the  surfsice  of  water « is,  over  which 
the  mixture  is  made,  the  less  oxygen  enters'into  combina- 
tion  with  the  nitric  oxide,  probably  from  the  circumstance, 
that  when  a  narrow  surface  of  water  is  exposed  to  the 
mixture  the  absorption  is  slow,  and  the  progress  of  the 
combination  continues  towards  saturation,  while,  when  the 
surface  is  large,  it  is  ab^rbed  as  it  takes  place,  and  b^ore 
the  proportion  in  which  the  nitric  oxide  is  saturated  ia 
fully  established*  And,  on  the  same  principle,  a^tation, 
and  even  the  order  in  which  the  gases  are  presented  to 
ea^h  other,  have  an  influence  on  the  results*  ^ 

This  property  of  nitrous  gas  of  combining  with  oxygen 
gas  at  natural  temperatures,  and  forming  a  compound 
quickly  absorbed  by  water,  has  been  applied  to  the  pur- 
pose of  eudiometry,  and  it  has  some  advantages.  The 
combination  takes  place  so  rapidly,  that  th^  result  is  im- 
mediately ob^ined,  and  it  requires  no  com^icated  appa- 
ratus.    It  was  introduced  by  Dr  Priestley^  and  since  bis 
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time  has  beeii  used  in  different  forms.    It  has,  however, 
been  fpund  liable  to  give  different  remlu  (nmk  the  in- 
Onebce  of  cirenmstances  on  the  prqiortions  in  which  the 
gases  combine*      They  unite,  as  h^e  been  already  re- 
marked, so  as  to  form  either  nitric  acid  or  nitrous  acid,  or 
compoands  inte)-mediate  between  these,  principally  acs- 
cording  as  water  is  more  or  less  freely  admitted.     If  the 
water  is  presented  in  an  extensive  surface,  as  when  the 
mixture  of  ihe  gases  k  made  in  a  wide  tube,  the  smallest 
proportion  of  o^gm  ^ters  into  the  combination ;  while 
if  it  is  lesji  freely  admitted,  as  by  making  the  mixtulre  in  a 
narrow  tube,  the  larger  proportion  combines.   Mr  Dalton 
has  observed,  that,  to  give  accuracy  to  the  result  as  a  eudio- 
metrica}f)rocess>  the  experiment  must-be  conducted  in  such 
a  manner  as  to  form  nitric  add  or  nitrous  acid  wholly,  apd 
^without  a  mixture  of  the  other.     The  former  he  has  found 
to  be  most  easily  and  most  accurately  effected.  He  add^  to 
]00  measures  of  atmospheric  air  in,  a  narrow  graduated 
tube,  (Fig.  23.),  36  measures  of  nitric  oxide  gas  over  wa- 
ter ;  avoids  agitation ;  and  when  the  diminution  has  ceased, 
observes  its  amount :  this  being  multiplied  by  ^''-^  the  pro- 
duct indicates  the  proportion  of  oxygen,  -j^ths  of  the  loss 
being  due  to  its  condensation.    Gay-Lussac  has  affirmed^ 
that  the  other  mode  of  combining  nitric  oxide  with  oxy* 
gdb,  with  the  free  exposure  to  water,  is  more  uniform  and 
accurate  ;  and  I  have  found,  what  is  so  far  in  dbnformity 
to  this,  that  the  siinple  method  of  Priestley,  which  is  ana- 
logous to  this,  gives  a  very  uniform  result.    He  found, 
that  1  measure  of  oxygen  is  condensed  by  2  measures  of 
nitric  oxide,  when  the  p:^periment  is  made  in  this  manner. 
Operating  then  on  atmospheric  air,  let  100  measures  of 
air  measured  by  a  narrow* graduated  tube  beputintoa 
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tube  of  1 J  inch  diameter  over  water,  and  50  measores  of 
nitric  oxide  gas  be  added  to  it  ^  on  transferring  the  resi-i^ 
dual  gas  after  a  few  minutes  into  the  graduated  tube,  ift 
will  occupy  a  Yolume  equal  to  Si ;  this  gives  a  diminution 
of  66j  which  dividled  by  3  gives  22,  as  the  proportion  of 
oxygen  by  volume.  As  the  m<6thod,  however,  under  any 
form,  is  undoubtedly  liable  to  fallacy,  other  eudiometrical 
processes  ought  to  be  preferred. 

Another  method  of  applying  nitric  oxide  gas  to  eudio- 
metry  was  introduced  by  Mr  Davy,  that  of  using  solutions 
of  sulphate  or  muriate  of  iron  impregnated  with  it,  these 
absorbing  the  oxygen  of  atmospheric  air  quickly,  and  pro- 
ducing a  diminution  equal  to  21  in  100  parts.  The  me- 
thod is  too  complicated  for  use,  when  we  have  others 
equally  accurate  and  more  simple* 


Sect.  IV. — Of  Nitrous  Oxide* 

This,  the  last  of  the  compounds  of  oxygen  and  nitro- 
gen, was  discovered  by  Priestley,  who  gave  it  the  name  of 
Dephlogisticated  Nitrous  Air.  Mr  Davy,  who  examined 
it  in  a  stuite  of  purity,  and  thus  asceirtained  its  most  singu- 
lar  properties,  gave  it  the  more  concise  appellation  of  Ni- 
trous Oxide. 

It  is  obtained  by  various  processes,  in  which  nitric  oxide 
or  nitric  acid  is  partially  decomposed,  as  by  exposing  ni- 
tric oxide  gas  to  the  action  of  iron-filings  moistened)  of 
iron-filings  and  sulphur,  or  of  the  alkajine  sulphurets  j  and 
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it  18  also  disaigage^  in  a  stat6  of  mixture  with  nitrogen 
aqd  nitric  oxide  during  the  solutions  of  some  of  the  me- 
tals ia  nitric  acici*  But  the  process  by  which  it  is  obtain- 
ed most  easily  and  in  greatest  purity » is  in  the  decomposi- 
tion of  nitrate  of  ammonia  by  heat  This  salt,  in  the  dif- 
ferent states  of  crystallization  in  which  it  exists,  is  decom- 
posedf  so  as  to  afford  this  product  at  different  tempera- 
tures, intermediate  between  320°  and.SOO*^.  Above  600* 
tlie  decomposition  takes  place  with  an  explosion^  and  the 
evolution  of  other  products,  principally  water,  nitrous  acid, 
nitric  oxide,  and  nitrogen  gas.  But  this  can  be  guarded 
against,  by  the  due  r^ulation  of  the  heat  applied  by  a 
lamp  to  the  salt  in  a  tubulated  retort,  raising  it  quickly  to 
die  requisite  temperature,  taking  care  not  to  exceed  500% 
and,  in  particular,  not  to  raise  it  so  high  as  to  produce  a 
luminous  appearance  in  the  retort.  The  nitrous  oxide 
gas  with  watery  vapour  are  disengaged ;  the  gas  is  received 
over  water,  as  not  much  of  it  is  immediately  absorbed ;  \t 
is  generally  opaque,  from  a  small  portion  of  nitrate  of  am- 
monia being  volatilized ;  but  this  is  soon  absorbed  by  the 
water,  and  it  becomes  transparent. 

In  this  process  the  nitric  acid  and  the  ammonia  of  the 
salt  both  suffer  decomposition ;  the  hydrogen  of  the.  am- 
monia attracts  a  j)ortion  of  the  osygea  of  the  acid  and 
forms  water,  and  the  remaining  oxygen  is  just  suiBcient, 
when  combined  with  the  nitrogen  of  the  acid  and  the  ni- 
trogen of  the  alkali,  to  form  this  compound,  nitroos  pxide. 
Accordingly  water  and  nitrous  oxide  gas  are  the  sole  pro- 
ducts, if  the  temperature  has  not  been  raised  too  high  to 
cause  the  operation  of  other  affinities.  The  associated 
Dutch  chemists  had  stated  the  compoisition  of  this  gas  at 
eS.5  nitrogen,  and  37.5  oxygen.     Estimating  the  propor- 
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tions  frnm  its  formation,  Mr  Davy  states  tkein  at  62. i  of. 
nitrogen,  and  37.6  of  oxygen ;  and  from  its  analysis  by 
detonation  with  hydrogen,  or  by  burning  charcoal  in  it  at 
nearly  the  same,  63  of  the  one  element,  and  37  of  the 
other.  Converting  these  into  volumes,  they  give  the  pro- 
portions of  100  of  nitrogen. and  49.5  of  oxygen  ;  and  Gay- 
Lussac  has  since  found,  that  the  exact  proportion  is  that 
of  2  to  1,  100  parts  of  it  affording  by' the  action  of  potas- 
iitini  100  measures  of  nitrogen  and  50  of  oxygen. 

Nitrous  oxide  is  permanently  elastic. .  Its  specific  griivi- 
fy  is  to  that  of  atmospheric  air  as  1.614  to  1.000.  100  cu- 
bic inches  weigh  50.1  grains*  Its  taste  is  sweetish.  Its 
•dour  is  vety  faint. 

'  This  gas  is  absorbed  by  water ;  the  i^^ater,  at  a  mean 
temperature  and  atmospheric  pressure  takes  up  about  half 
its  bulk ;  on  boiling  the  solution,  the  gas  is  given  out  un« 
changed  i  the  solution  has  a  sweetish  taste,  and  a  slight 
odour,  not  disagreeable }  neither  it  nor  the  gas  changes  the 
vegetable  colours.  It  is  likewise  absorbed  by  aikohol  and 
by  ether,  communicating  a  sweet  taste ;  and  Is  expelled  by 
heat,  and  in  part  by  the  addition  of  water. 

Nitrous  oxide  gas  suffers  no  diminution,  nor  any  change 
when  mixed  with  oxygen.  At  ignition,  it  detonates  with 
hydrogen.  It  is  decomposed  at  a  high  temperature,  as  by 
transmitting  the  electric  spark  through  it,  or  passing  it 
through  an  ignited*  earthen  tube,  and  is  converted  into  ni« 
trous  add^and  oxygen  and  nitrogen  gases.' 

This  gas  is  powerful  in  supporting  combustion.  A  light- 
ed taper  burns  in  it  with  an  enlarged  and  bright  flame ; 
phosphorus  with  a  da2z)rng  white  light ;  sulphur  with  a 
vivid  rose-coloured  flame;  and  iron- wire  with  corrusca- 
tiouB*     A  higher  temperature  is  required  for  these  com« 
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bnstioiast  than  for  the  burning  of  the  same  bodies  in  oxy- 
gen gas  or  atmo^heric  air.  During  the  combustion^  a 
portion  of  nitrous  acid  is  produced  along  with  the  product 
of  the  oxygenation  of  the  combustible  body. 

The  operation  of  this  elastic  fluid  on  the  animal  system^ 
when  it  is  received  info  the  lungs,  is  .scarcely  analogous  to 
that  of  any  other  physical  agent.  It  had  been  believed  to 
be,  in  common  with  the  greater  number  of  the  gases,  fatal 
to  Kfe.  Mr  Davy  found  that  it  could  be  breathed  with 
safety,,  and  in  his  farther  experiments  on  Jt,  discpvered 
the  singular  effects  it  produces.  After  a  few  inspirations 
of  it  have  been  made,  it  causes  a  sense  of  lightness  and 
expansion  in  the  chest,  and  a  pleasurable,  sensation  be- 
gins to  extend  over  the  whole  body ;  this  increases,  and 
IS  accoinpanied  with  a  desire  to  inhale  the  gas ;  respira* 
lion  therefore  becomes  fuller,  and  is  performed  with  m^re 
energy.  Exhilaration  is  soon  produced }  and  if  the  respU' 
ration  is  continued  sufficiently  long,  a  crowd  of  indistinct 
ide^,  oflen  in  very  singular  combinations,  pass  through 
the  mind;  there  is  an  irresistible  propensity  to  laughter 
and  to  muscular  exertion^  ai;id  violent  exertions  are  madft 
with  \|alacrity  and  ease.  These  effects,  after  the  inspira- 
tion has  ceased,  continue  for  four  or  five  minutes,  or  some* 
times  longer  s  they  gradually  subside,  and  what  is  not  the 
least  of  these  singularities,  the  state  of  the  system  returns 
to  its  usual  standard,  and  from  this  high  excitement  no 
subsequent  langour  or  exhaustion  is  felt.  Its^^ration  is 
1  not  however  uniform  on  different  individuals:  its 'Effects 
occur  in  various  combinations  ;  they  are,  as  may  be  easily 
supposed,  more  readily  excited  in  some  than  in  others ; 
pnd  where  much  susceptibility  has  existed,  alarming  or  un- 
pleasant symptoms  have  been  produced.    Warm-blooded 
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animals  confined  in  the  gas,  die  in  a  few  mitratcS)  frequent- 
ly whh  previpus  symptoms  of  excitement ;  and  fishes  die 
in  water timpregnated  with  it.  The  g9s  appears  during 
its  respiration  to  be  absorbed  by  the  blood :  this  fluid  ac- 

m 

quires  a  purple  colour,  and  after  death  the  muscles  are 
found  inirritable.  No  satisfactory  hypothesis  can  be^  ad- 
vanced with  regard  to  its  operation. 

Nitrous  oxide  can  be  combined  with  the  fixed  alkalis, 
by  an  indirect  process  discovered  by  Mr  Davy, — exposing 
sulphite  of  potash  or  soda,  mixed  with  pure  potash  or  so- 
da, to  nitric  oxide  gas ;  the  sulphite  attracts  oxygen  from 
the  nitric  oxide,  and  converts  it  into  nitrous  oxide,  which, 
as  it  is  formed^  combines  with  the  alkali,  and  the  com- 
pound is  separated  by  solution  and  crystallization  from  the 
other  saline  matter,  'piese  compounds,  to  which  he  gave 
the  name  of  Nitroxides,  are  soluble  and  have  a  shdrp  taste ; 
they  cause  inflammable  substances  to  burn  or  deflagrate 
when  heat  is  applied  and  afibrd  nitrous  oxide  when  de- 
composed by  the  acids,  or  by  beat. 
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OULPHUR  is  the  base  of  sulphuric  ad(L^  Whea  sulphttii 
is  combined  with  an  iBferior  proportion  of  oxygen^  it  forms 
sulphurous  aci(}*'  United  with  hydrogen  in  diffirent 'pr<K 
portions,  it  forms  Xwo  compoundis)  sulphuretted  fay^rogoaf 
and  supqrrsulphuretted  hydrogen.  It  also  niKtes  with  ear^i^ 
bon.  It  farthetr  coQibine^.with  the  alkalis  and^eacths. .  Tbef 
chemical  history  of  all  theses  substances  forms  the  sub^ 
of  the  present  chapter*  t 


J- 


,  .  4    .  •  •         .1 


.  I  lift  ,imi 


SscT.  l^—qf.Stifkut. 


* 
.       '   '     .    •.     .'■;-.      yl4?     .:•» 


t  Tuts  inflammable  aabatance  exists  iniJie  minerfd  king'* 
dom,  both  in.ai«tate  of  ccmibination,  and  in  fttpureibnn.^ 
In  the  latter  states  it  i9  principally  a  Tolcanic  'ftioduption, 
though  Dative  sulphur  lik^ise  occurs,  rwbich*  cannot  ijoie' 
supposed  to  have  tkis.origiik.  It  exists,  tpO|  m^smaUqimhiN 
tity  in  v^;etable  and  snimal  products.  '  .i;  l/u  >  /       ■ 

.  Volcanic  sulphur  affords  the  greater  part  of  tbt  siilplair' 
of  commerce.  It  is  usually  purified  by  aublimirtiony'iaiid^ 
tbe^n^hur  is  thus  obtained  in  the  iorm  of.  a/ligbt  f»bwder 
of  a  yellow  colour*  This  is  easily  fiiaed^  and  foana  asoir* 
lid  mass,;  brittle,  and  displaying  somewhat  of  a  crystaUim 
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stmctoref  and  by  skm  cooUng  it  ikiay  be  obtained  in 
Beedfe>like  crystals.  Sy  pciec^pitatiDg  sulphur  from  its 
combiiiatioii  with  an  alkali  by  an  acidf  it  is  obtained  near* 
]y  whitep  as  it  is  also  by  dropping. water  on  it  when  in  fti* 
aiony  of  subliming  it  intd  h  veud  filled  with  watery  vapour  i 
this  whiteness  has  hence  been  ascribed  to  the  combinatiim 
of  a  small  povtion  fif  trateri 

Solphiur  melts  at  a  temperature  of  224%  and  a  (diidlio- 
jMilob  nearly.  pecidiiMr  to  it  Is  ;diftpkyed  in  its  fMom  If 
after  it  i^n^ted,  the  he^  b&ccMiltittedv  i>te¥kn¥iikedi  iA* 
^ku^oLSMing  tfainnm*^  itbetfob^  tl^ck^  And  this  cott^* 
tiD^es  .Tpai^mAvBf  %i  the^i^ttpwitii^e  riM  tfar<^dgh  a  I'atige 
of ineibljR  SOftidegilaei^  nntftit  tie«6me  quite  Vl«eid.  l%e 
tU&enUgf  uainnrdiiigi  la  I>r'  ltldn«^l»  ^yi^ii^e&tsr  €«tat^ 
men^  St  226^  of  FiiArtoheily  and  eentiniieid  tb  increa^ 
to  550,  at  which  temper^ure  the  siilfduir  Sutrfimes*  It  is 
independent  of  the  action  of  the  air,  and  does  not  there- 
fore arise  from  oxygttAatt^i'  itfid<  indeed  depends  on  no 
permanent  change,  as  by  reducing  the  temperature,' the  li- 
quidity is  recovered^  Ud  thl^^expbpitneiH  may  be  repeated 
en  the  same  sulphur  a  number  of  times.  If  poured  wbeaoL 
viscai  into.wateryitrediaiBsfor sitime  sbfi;  imd  tciiigh,  and 
suQriie  mi|de  lb  take  the  ImpimflDn  frotti-a  mcbldv  -  - 
/  Sb^pinr  risca  -m  Tapobr^  ata.  t^oipemtur^noi  mtidl 
Ugfatc.than .tfaaiat.iiAddi> it mtiui^'  If th^ air b^ adauttedi^ 
it bmmk at ariempteratiae  6f  aboMtoBCkV  with  a; j^ebbift 
flame,  and  the  produetbd  of  pungent  suffikiating  flsme^ 
If  t&eheatibl^raise^;!  its  oan^iiioju  is  tndri^  vivid,  as  it  is 
dsoin^idbfipiigas;^ 

In  ifti|  ieb9ibn^]on^^  sh^ur  coasbines  with  two  f»6p6r* 
lioiis  of  oxjrgen,  imning  two  adds*  The  prin^qpal  pro- 
daat  is  a  gaseous  acid»  Salphurpus  acid  gas  as  it  is  named ; 
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t^Mi^f  wMtmrng  a  h^fjger  jpfofoitkn' of  j6xfgb^\  th&  tmit^ 
phM^  6eid*  The  prdpcnrtiaiif'C^  thea^.  to  pwA  ottfer  are 
varibiisy  aecordixigim«tlie^ci«ci]m»lib<^t)f%l^  dombitsiioa^ 
Ihe  qdantity  of  'sulpUtiife  mcSA^  beitig  *griatef  as  ocijygdi  is 
tiioi^^ fr^' sttppUM.  •  The  exisUnoe  of 'ui  doit  of  sol- 
phuir'  has  been  siipposed^  Ipt  is  not  de«rfy  establishedr' .  / 
-  •^4Stail||h)itt'  e6ait^0s  widi  hydrog^iiy  msi  this  e0mfaiiuU3O% 
iboy  ftppduniK  to  6^  ^tflbHs}ied  in  differetlt  proportions^  It 
unftes  with  phosphorus  and  carboir,  and  idth  the  greater 
number  of  the  metals.  It  onnbines  with  the  aMcalis  and 
aUudine^  eatdis^  acqtliring  fr6m  t£eir  action  sohibflity  in 
water  and  the  power  of  decomposing  it  It  also  enters  in-> 
to  Gondb{natk>n  widi  their'  metalKe  bas^ :  in  itd  combino^ 
tions  with  these  as  well  as  with  some  of  the  conunon  me- 
Ids/  the  phehomena  of  ^^oiiibttstMii  itt^  llitpby^. 

:  $MplMirlia4  ttimffly'  bhen  iregvMed'as  ft  simple  8ti{> 
sittnoe.  TbM  }roiiiigey>Sertholietfdtindf'tifa6t  ^n  {tossing^  it 
]»iiis^o|Ur  tbirongh  ail  i^h^  g^Htfbt*  traced  Wsifl^ 

,  pkf»eM&  hydftig^>  afe  ohUiA^:  ilti^,  iii  dotxibihing  sfqI^ 
phlir4?itl]ffnetals  by  a]^lyfai^  heat,  there  iiian  etdlntion  6t 
i^  «itm^  product ;  it  is  Bkewise  obtaii^ed  by  pasring  Ae 

•  v^pdlii^  «f  iW&t«lf  dy^  ^tedH^M|i^n^i^Miia  tfial>^^ 
lt>  iisr  not 'pn^ue^  by  1%e  dkdtopr&^ott  df  the  ^^ler;  !$ 
|jtbved  i^  no  portion  bf  add  beiiig  fi)rmell  Heo<ie  die 
iS(Melusion- was  drawn^  that  sulphui:'  in  its  tx>mmdti  stilte 
e^tains  hydrogen,  '^s'^peintisd  fiift^isr  id  be  prbtleid 
by  some  experiments  by  Mr  Davy,  with'  f^rd  ^6  the  pro* 

-ductton  of  snlphoretted  hydrogen,  on  sntiinittitig  wlpfani^ 
id  gtft&nib  action,  or  to  the  action  of  potassium  at  a  high 
temperature.  Me  farther  infeii*ed  from  some  resolts^  thilC 
oxy^n  exists  in  the  comp^iticm  of  sulphuretted  hydrogc^i 
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and  that  it  also  mast  be  combined  in,^tilplkttr.  Goy^Ltts^ 
sac  and  Thenard  shewed  the  error  bf  the  ooneluaion  witk 
r^ard  to  the  presence  of  oxygen  in  sulphuretted  hydro* 
gen,  and  the  other  results  seem  also  to  be  doubtfiiL  Ber* 
zeKus  has  remarked,  that  when  sOlphur,  perfectly  dry,  is 
combined  with  metals,  there  is  no  ^volotion  of  solphtiretted 
hydrogen. .  And  evea  admitting  them  to  be  correct,  tkey 
admit  of  explanation  on  the  ^upposifti<m  which  the  pbmso- 
mena  do  not  prednde,  that  sulphur  may  certain  a  small 
quantity  of  combined  water. . 
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SuLFHVBic'.acid  ns^to  beri^btait)^  by  distillation  ffom 
aa]phate  of  irop,.  tbe\<3reeFi  Vitriol  ,<if.:the,©Mer  chemists, 
whence  the»amfeQfyitHpUcAcjd,rby  which  iti^  k^own* 
hk  is'xiow  ^iyf^j^^  |>rpcured  from:  the  ^Q|nhu8tidn;of  isulj^uri 
the  method  havii]g  been,  discover^  of  Gondu^tic^thip  com« 
bustion,,  sp  thattl^e  formatmn  of  sulphurous,  add  i&  in 'a 
great  measure  prevented,  and.  the  prinqpal'  {HToductvis  sul* 
phuric  aqid.  The  process  consists  in  adding,  a  small  qoan* 
tity  of  nk^rr^Oi^/^^^'^gb A  ^P  one^tenth,  the  weight  of 
the  sulphur.  7hey  a^re  intiimatplyiinijxed  in  powder,  an^ 
portions  cf  the  mixture  are  succeasivetly  kindled,  and  k^t 
burning  in  a  leaden  chamber^  the  bottom  of  which  is  co- 
vered with  water  to  "the  d^h  of  three  or  four  inches*  The 
use  of  theni^fe  in  this  process  was  supposed  to  be  naerely  that 
of  sustaining  the  combustion,  with  the  less  free  access  of 
the  atmospheric  air.  But  its  action  appears  to  be  more  can* 
plicated  and  more  important.     The  product  of  the  com* 
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biniition  of  stdphur  with  oxygen  in  coinbastion^  is  princi*- 
pally  sulphurous  add :  the  nitric  acid  of  the  nitre,  by  the 
abstraction  of  its  bxygeh  by  the  sulphur,  yields  nitric  ox- 
ide gaSj  which  dijBTuseS  itself  through  the  chamber ;  it  ^oni- 
bines  with  the  oxygen  of  the  atmospheric  air,  and  forms  ni- 
trous acid  vapour,  which  in  its  turn  yields  a  portion  of  oxy« 
gen  to  the  sulphurous  acid,  mid  converts  it  into  sulphurie 
acid,  and  thus  the  nitric  oxide  is  the  medium  as  it  were  by 
which  the  sulphurous  acid  is  oxygenated,  these  actions  be- 
ing also  facilitated  by  the  affinity  of  tl^e  water  present,  to 
the  sulphuric  acid,  ,    - 

t  The  acid  formed  by  thid  prdcess  is  absorbed  by  the  wb« 
tei^mttie  chamber  r^ben  the  liquor  is  suffi'ciaitly  Acid,  it 
is  removed,  and  by  boiling  it  in*  glass  retorts,  a  portion  of 
sulphurous  acid  and  the  superfluous  water  are  expdEed,  and 
it  is  brought'  to  a  state' of  40|identmti0ni  having  the' speci- 
fic gravity  of  l.S4£.  .  Erom-the  nature  of  the  process,  the 
acid  is  not  perfectly  pd^e;  /  It  contains  a  -  portipn  of  sul* 
phate  of  ^potash;  denved  fi^m  'its  action  on  the  potash  of 
the  nitre,  and  {i^erhaps  also  a  ih^niite  quantity  of  sulphate 
of  lead.  These  are  in  a  .gr^l  measure  prec^itated  by  di- 
luting it  with  water,  and  are  mcMre  complete^  separated  by 
distffling  it  from  a  glass  retort.  ^ 
'^  There  is*  considerable  difficulty  in  deternyining  <the.  pro« 
portions  of  oxygen  and  sulphur  in  sulphuric  acid,  princio 
pally  from  the  difficulty  of  estimating  the  real  product  of 
aetd  free  from  water ;  and  hence  tl^e  results  of  different  ex« 
pediments  have  been  exj^emdy  various.  The  propco'tioti 
of  sulphur,  has  been  stated  so  low.  as  42  in  100  parts,  and 
so  high  as  72.  .  This  diversity  has  arisen  principally  from 
the  .estimation  of  th^  quantity  of  isulphuric  acid,  from  tto 
oxygenfttien  of  a  given  qiaaiitky  of  snlphurj  having,  been 
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made  fay  condihuDg  it  with  bwrytesy  and  from  tbe&ct  Bpi: 
hftvipg  be^  known,  tbsii  tbi$  earth  oQHtains  in  its  nuaHt^ 
ed  state  a  portKm  ^cojwbiqeid  winter*  When  allowaqce  is 
ipade^  tbJS)  H  appeiM^  that  100  of  8^i]^i)rie  add  conr 
jsistSi  according  to  (hose  aMijses  that  q>p€;^  most  correct, 
of  4)2,5  of  sulphur,  and  ^7*5  pf  qxjgeq*  .  In  any  state  rf 
concentration'  in  wbieb  it  icait  be  procured  inBuIated,  it  has 
a  portiot^  of  wat^  aivvny^  combined  with  it,  and  is  there- 
fore  Hydro-sal^Uric  a<»d.  At  it^  yffui^l  specific  gnivily 
of  l.Mii  this  is  cal(6iiliited  by  Kirwan  to  asRioant  to  3 1  y^ac** 
cording  to  Dalton  24,  in  100  parts.  Tbe  greatest  state  ^ 
conceittration  in  which  it  can  be'ob(iai|ied«  is,  aca^r^iBg 
tb  DaJton»  of  the  speoifie  gravity  of  "1.850  ^  it  dien  coBsist^ 
4if  81  of  real  acid  and  19  of  wi>ter«^ 
'^  Sulphniic  acid  of  the  nsnld  strength  is  somewhat  viscid, 
iuid  has  an  oifya{lpearlNicet  If  ppii^  it  is  qoloprless  and  traa- 
i^rc«t ;  it  is  BuodonHis  I  iM  taste,  when  it  is  even  larg«fy 
ffinted  with  water,<  k  intenstly  spur,  i^d  in  very  minate 
qnahtity  it  reddens  deepJjT  the  vegetldde  colours.  In  it$ 
concentrated  stale  i(t  is  highly  oi^rosive. 

^Solphuric  ncid  is  congealed  by  Colc^  find  even  diystid- 
lizies  wt£h  regniarity.  /  Hie  tempeMnre  at  which  this  takes 
place,  is  very  different,  acQor^ng  to  its  concentration. 
When  of  the  specific  gi'avityof  )f84S,  it  congeals  at -^15, 
bat  if  it  is  dilnted  with  h^itii  weight  of  watmr,  it  requires 
ia  cold  of'^rrSe  to  congeal  iu  Tb&fe  is  a  certain  state  of 
dihitiai  inbst  fiivourabl^  to,  the  eongelation  i  this  is  wfacri 
the  add  is  at  flbe  specific  gravity  intarxuediate  between 
L786,  and  1.T7& ;  at  ibis  it  fi'eezes.at  the  temperature  pf 
mdting  snow ;  if  eiA^  mere  diluted  or  more  conceiitrated 
ikm  tibis,  the  dongelatidn  requires  greyer  cdd  to  pro- 
duce it.     Hiese  ^olM  are  singular,  and  one  not  less  so  is, 


\ 


OP 


«?w» 


407 


/ 

tiban  thai  nfffwwy  tQ4atOi»il»ftiM^itwtt>te  <^  ftinii. 
When  toj^boric  iKdi  jlpi  ipqpiN|pi*ed  mikm  imtkiD  of  ml- 
libiiniiif  «cad>  jt  b^cmie^  fMepote^lm  iiikcipimMtt  naUiwd 
teoHiopaiiiits  x  ibis'&niit  wbiil  vjifli  6im6rlv  cnUfid  Cvbcutl 

.  y%]iibii]ib#c^b0ib.tlt59OV  ik  k^Mompoied  at  «Md 

It  jbasi»  #(9<ttig  0^9$tkitk  ito  w^r»  M)  thftt  it  upfathes  It 

i^^V^lyfJmf^  wpomm  tA^  It  ^oomlMiies  di- 

^l^y  \nik  w/vt^r  ia  e«iiryfi«pofliob>'ti!i9.combJMlj^  b^ 

'  It  &f4M  ip^  ieombiiuitiQP'lHtb  >o%yg)eaii  or  JDitnogi^  ^  ft 

..tioir  fros^  tl^  pjnvm^  hAwmbMfBA  W7iwbitiince».£nr 
fFKJwanlfii'  ooBlttuiiAff  carbDnaceous  amtttf*  .■***•  on  it,  ovan 
jii  ihc^ooldi  itieMid  .beoomei  i|[dacfc  Aom  the.evolatifWff 
l!»bty|isifii«}^  i«ld  ii  £tU^  If  kcftt 

be  apidied,  the^iietion  isoauiib  jiMtt»  rapjd^  and  icailioiik; 
j$i^i  a»d  uiijfi^imiW  iMJd  gfme$  tre  diseii§agad  vsith  idKr- 
jirescci^ce^  ia  portion  of  siilpbiir  jwy  iikewwt  be^oUaJnad; 
.  TM  metale nb^lraott^ffj^gan iroin ,sii|)ham «^  iq  ga* 
;iP^r^  paEliia%«'  «o  a^  to  disengage  autplmroas  acid»  the 
j^de  <QP92]mioig  with  a  poatioir;of  the  taaid  that  i^eiofdns 
.fi9d|9aQpipp8ed^  rWhsnihemdd  ia.dautedwlth  water»  it 
enable^  by  a  reanltkig  aSokyr  those  indUds  which  have  ^ 
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•Irbng  ]Mra<iti<9i;t6  waf«rytd  attract  it  JTrdm  tlMf  water,  and 
•hence  tbere- 18  a  dimigagetoent  of  hydrogen  gas. 
•  Salphorie  acid  Com^inaB  with  die  alkalis,  earths,  and 
'inetaUie oxides';  prodttcilig  inrfa^n  tbe'due  {xrc^Mnrtions  ate 
observed,  miitiaal  neiitraUli^tiOR  af  prdp^ti^.  Its  salts  are 
named  Sulphates.  A  considerable  force  of  affinity  is  ex- 
'eftedbetvreen  their  constituent  principles,  mA  this  h  not 
mudi  cottfiteralcted  by  any  tendi^cy  of  llie  acid  ekber  to 
idastidty  or  tbcobesioii,  and  bence»  they  ate  not  v^y  lia* 
ble  to  decomposition  by  the  a<^<Hl  of'snb^anc^  eixerting 
attractions  either  to  their  acid  or  base.  They  are-deeom- 
posed  in  general  by  heat :  the  metafli6  sn^hates  are  mote 
susceptible  of  this  decomposition  than  the  otba^  Aeacid 
being  either  expelled,  or,  by  plltial  decompoisiticm,  eon- 
verted  into  sulphurous  and  oxygen  gasira ;  the  earthy  at  a 
h%her  temperamre  suffer  a  similar  decc»np6sition.^  71^ 
neutrd  alkaline  sulphates  are  not  deocmiposc^,  with  dm 
exception  of  ^sulphate  of  ammonia  $  but  wh^  crystaUized 
with  an  excess  of  acid,  part  cS  diat  ^excess*  k  by  heat  con- 
verted into  the  some  products;  They  all  sufibr  deeompo- 
•Bition-  when  heated  w^h  carbonaceous  matter.  '  Soper-sul* 
phates  are  also  formed,  and  in  a  number  of  c^s  can  be 
dbiained  crystallked,  while  there  seems  to  be  less  t€»d«icy 
to  the  fehnation  of  sub-sulphates^  « *       / . 

S&UPHATE  OF  Potash  is  formed  by  adding  diluted  snl- 
pburic  acid  to  a  dilute  csAutipn  of  potash,  or  of  carbonate 
>'l^  pbtasln.  until  the  acid  and  alkaiine  properties  are  neu- 
tralised. A  mobe  economical  process,  g^erafy  followed 
ill  pharmacy,  is  >to  prepare  it  from  the  residua}  ^ass  db- 
tained  in  the  distillatioh  of  nitric  acid  from  niti*e  and  sul- 
phuric acid,  adding  to  it,  dissolved  in  water,  a  solution  of 
parbpnate  of  potash^  to  neutralize  any  excess  of  )acid|  and 
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this  ^}i  aca  prisma  small  Mid  groups  ;^'it  requires  for  it^ 
«QhitioH'«0ir«!itedn  iM»^»  of  Jailer  ftt  6dS  atid  ^fiV^'ipktts  at 
2 1^"".  Its^  Utfte  is  bitti»*.  "^^1%  i^c£MSdlnpbded|fOce  the  other 
siidplMites,  fa^  ekpMQre  to  fae&t-^h  cai'bonaceous  tnatten 
Acted  (m  bjr^kric  'or  muriatic  acid,  it  suffits  partial  de^ 
Gompofti^n  fibm  thevabstricticm  of  part  of  tb6  base,  the 
deoomposfai^  aeid  acting  by  it^  affinity  and  quantity,  and 
prddiick^  thatr  psurtidpation  whidb  happens  when  two 
fieidft  aci  1H1  one  base.  It  con^iist^of  5$  of  potash,  and  45 
of  acid.  It  can  omnbipe  with  an  excess  of  acid,  and 
i8iraiwitb^isex€Maci<y»tflHi^;  imd  from  the  estperiments 
of  ^Bertiiott^lt  ai^^ears  ev^  that  compoutids  with  various 
lli^ortions  of  excess  of  add  may  thus  be  obtained.  These 
auper-s|iil|^atesm^eonsideri^]y'more  sohible  than  the  neu- 
ll»|)«iil{d^ate$  by-tbe  repeatied  action  of  water  the  excess 
of  ffieki  iB  almost'  entirely  abstracted. 

SULPHATE  OF  Soda. — This  4$  the  salt  known  by  the 
iiac^e:of€ilatiber's  8ak»  firomGIattber  the  chemist,  by  whom 
&i  px^jfi^i^were  first  noticed*  He  obtained  it  from  the 
feskkmjn  of  dMpdistiila^n'of  ihuri^^  acid,  from  muriate 
of  ao^^nd'siilphuric  acid :  this  consists  of  the  soda  of  the 
mitriale  of  ^sda^  with  sulphuric  deid  in .  excess :  it  is  dis- 
sohred  in  water  $  the  excess  of  add  is  neutralized  by  adding 
ikne  $  the  iiuid  is  aBowed  td  remafai  until  it  becomei^  clear, 
H  dr^i^wn  off  in  sh^ow  leaden  vessels,  and  on  cooling  af-^ 
fords  tfae>nj3uCsal  sulphate  in  crystals^  It  is  also  obtahied 
Wd  resnlutoi  in  either  processes,  particularly  in  the  pre- 
paradon  of  sal*'ammoniac  from  miiriate  pf  soda  and  sul- 
{i^te  of  ammonia.  It  crystalKa^  in  six-sided  prisms  be** 
veiled  ^at  the  extremt^es.  lu  taste  is  strongly  saline  affd 
bitter.  .  It  is  ^onesctut  $  the  ciystals  in  « .dry  atmosphere 
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floon  baeomiiiff  white  and  (x>aau0i  and'  at  Iciuih  libev  ftU 
into  powder.  It  is  <ot|iUe  in  |^  ibftn  ihfce  titMs  its 
w^ght  of  water  at  60%  and  ia  lam  tban  ito  owa  weigl^at 
212^.  Exposed  to  lieat  k  mtdei^go^  the  wateiy  fufflOB^ 
the  water  of  cryfitaQizatiapi  is  soon  di9SJii^tod#  and  fay  v^ff»g 
it  with  a  stroQg  red  heyt  Jit  i^i^ajr  bo.ofti^Kd'  « lo  ili;ci|j9ilak- 
lized  state  it  consists  erf*  18.^  of  «)dai  33.5  of  acidf  and 
58  of  water.  It  suffers  decQmppfiitiMs.  (Htnihir. to. those itf 
^ulphate  of  potash.  lake  i(  tOP  it.  tim  cambioe  wiiii  ai^ 
excess  of  acidf.ftod  aqc<ir4ing>^  flerdiall^.iii  iwrfonapnob 
portions*  VI  ; 

Sulphate  of  AipfoNiA  cryjttaHkfQs  ii»  slender  aiaccttdad 
prisms  acuminatfad^  by  ^  planes.  It  is^  sqloUe  in  abom 
two  parts  of  water  at  60^,  ^nd  in.  an  equal  ^&l^  fof  ^j^ 
ing  water  $  is  slightly  efflorescent  Exppied  to  he(^  it 
inelts»  and  is  deqon)pos^»  pjut  of  the  :#iomqiiia  Mi^g^^k 
haled;  at  ignition  itsficid.is  4^ooimp06(^  . lit .qonisisls nf 
acid  55)  amittonia  14^  water  :5l.  .; 

.  Sui.pHAT£  OF  Barxx^s  IS  forii}ed  when  barytes  'mfimt 
sented  to  sidphigtic  acid^  in  whatever  sjtate  of  poi^biBatiflii 
either  may  preyioi^sly  cpckU  l\  i|ip|:)ecipit^|39d  in  powd^t 
>irhich  is  noi^  soloble  in  water  in  My 'pppi^ecifdb)e  qiiiiilitg^ 
It  is  melted  by  a  strong  h^fO.  When  heaDsd  with  joarbc^ 
naceous  matter,  its  acid  h  decompfl^ed*  and  snlphuFH^ 
barytes  is  formed.  ^Tl^edetiartniiMtjumof.diepippDflions 
of  its  constituent  parts  is  of  qonsiderahle  importance^  as  it 
Unusually  employf»i  asjhe  mpdeof  ohtfUnii^g.sui^plHiric  odd 
free  from  water,  izr  experiments  miide  toestiaiate  its  qnao^ 
ti^.  Tlie  results,  h<|veTer»  ha/^e  been  very  diaooidantf 
principally  from  the  presence  of  water  in  bajrytes  sot  hor 
ving  been  suspected.  They  lure  now  fixed  apparently  with 
as  niuch  precision  as  the  inyfistigation  admits,  i^  67  of 


Wyies,  (did  $$  of  acid,  Ihoi^  8|iH  ihfe  cfumot  be  pciSspl- 
•fy  Qorrfei:^  ft9  it  ^iippoKes  |l|e  ttilphfite  of  bar jtes  t?o  be  free 
frofD  water»  while,  according  to  Berthollet,  it  retaini^  a  por- 
tion in .  fXNiM^iMtipli*  '  Brides  ibis  n^otral  s^Jt,  barjrted 
.^Nk&  MAbibe  iK^  an  elccesg  of  ^ijilpbpric  acid  in  varioiip 
p^aijpAftioKiM  $  it  ifonns  a  liqDid  tbat  C(^g0f^  into  a  cong»- 
Mm  ctpmmn;  t\m  is  deooxt^feHsed^  and  the  neutral  sol*- 
j^hato'iB  (taredpitated,  on  tbe  fdToiiQn  <>f  water* 
'  •  SvhVBATE  OF  Strovtites'  IB  in  the  fertn  of  a  white 
^l^owder,  insipid,  aiid  80  very  sparingly  soluble*  in  wat^r,  as 
to  require  nearly  4000  parts  tor  its  solntionf  It  consists 
4f  4S  of  a^d,  and  M  of  base.  It  tba  combines  with  an 
^ceas  of  acid,  and  k  rendered  more  sdnble  in  water,  and 
^lystaHuUe. 

- '  6inDPHAn»oT  Lms,  long  known  to  demists  under  the 
naittes  of  gypsum  and  Selenfte,  is  one  of  the  /saHhe  siib^ 
naaiM^  most  abiuidant  in  naturei  It  forms  entire  strata, 
is  diiibsed  in  dlmost  every  soil,  and  is  contained  in  almost 
dBtilrer  iuald i^ring  wi^er,  giving  rise,  when  the  quuiti^ 
IS  cdnnderable,  to  the  qnality  of  these  named  hardness^  It 
Teqoirtt  iibout  500  times  hs  weight  of  wafer  for  its  solu* 
jfion  at  a  mean  temperature*  At  that  of  212  k  is  more 
sdlnfaie,  and  tins  latt^  solntbn,  upon  cooling  doWly,  de^ 
)A>8!tM  minute  crysthls.  Exposed  to  heat  it  appears  to 
effi^rvesce  6t  bo^,  owing  to  the  expulsion  of  its  water ;  it 
becomes  opaqoe,  and  falfa  intoa  white  powder.  This^ 
diffibed  !n  water,  speedily  consolidates  from  a  species  of 
irregular  crystallisation.  When  exposed  to  a  more,  in* 
tense  ^ heat,  it  vitrifies  if  any  other  earth  is  mj^ed  with  it. 
Heated  on  charcoal,  or  by  the  UoW'^ipe,  it  is  partially  de* 
composed,  part  of  the  oxygen  of  its  acid  being  abstracted. 
It  consists  of  32  of  Sme,  46  of  acid,  afid  92  of  water ) 
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when  cakiiied  of  42  of  litne,'and  5S  of  acid.  Its  princi- 
pal use  is  in  statuary,  and  in  the  formation  of  pla&ter  or 
stucco  work. 

Sulphate  of  Magnesia  is  found  in  sca-w^ter,  and  in 
many  mineral  waters,  and  is  usually  extracted  from  the 
brine  of  sea- water,  Bittern  as  it  is  named,  this  being  boiled 
down  until  it  afford  the  sulphate  of  magnesia,  on  coolings 
in  acicular  crystals  $  or  sulphatb  cf  iron  is  added,  the  sul- 
phuric acid  of  which  combines  with  the  magnesia  of  the 
muriate  of  magnesii^  and  increases  the  quantity  of  sid- 
phate.  Obtained  in  this  way,  it  exhibits  a  confused  mass 
of  needle-'like  ei^stals,  which  are  deliquescent,  but  this  is 
owing  to  the  admixture  of  muriate  of  m^nesia,  as  the 
pure  sulphate  is  rather  efflorescent.  By  slow  evaporation 
of  its  solution,  it  crystallizes  in  Quadrangular  prisms  acu- 
minated by  four  plants.  These  crystals  are  soluble/  in  lit- 
tie  more  than  their  o^n  weight  of  water,,  at:  the  lemper«F 
ture  of  60°,  and  in  three-fourths  of  their  weight  of  boiling 
water.  They  undergo  the  watery  fusion  at  a  vCfry  mode^ 
rate  temperature,  and  the  dry  masa  which  remains  is  melt- 
ed in  a  strong  heat,  but  is  not  decomposed.  The  crystat 
lized  sulphate  consists,  according  to  Kirwan,  of  29.3  of 
aeid,  17  of  base,  and  54*  of  water;  discording  to  Henry,  of 
37  of  acid,  19  of  magnesia,  and  44*  of  water.  The  taste  of 
this  salt  is  very  bitter,  and  the  bitterness,  ^f  sea^water  and 
many  mineral  springs  is  owing  in  part  to  its  presence. 

Sulphate  op  Ahoxl,  formed  by  dissolving  the  earth  in 
sulphuric  acid,  crystallizes  when  neutral,  in  scales  white 
and  of  a  pearly  lustre,  which  alter  little  by,  exposure  to  the 
Si}r :  its  taste  is  astringent :  it  is  very,  spljuble  in  water : 
when  exposed  to  heat,  its  Water  of  crystallization  is  dissi- 
pated, and,  by  a  stronger  heat,  its  acid  is  exjpelled.  When 


OF  SULtHURIG  ACII).  413 


tbere  18  an^exces^of  &c\d,  the  compound  crystaUizes  with 
Qiqre  djfficultgr,  as,  oQ.ev^oratioQ»  it  assumes  a  gelatinoua 
comistence.  Small  .brilliant  crystals,  howeyei-,  are  formed 
in  It.  .  V  ^ 

The  salt  known  by  the  name  of  Alum  is  a  ternary.  e<|m:i« 
pound  of  argil,  potash  and  sulphurio  acid,  wjth  an  .ex(:es$ 
of  acid;  in  some  of  the  vari^eties.qf  t^e  alumjpf  comtperce,  i 

ammonia  ^^  ^pters  into  the  .composition,  and  it  is  often 
contaminated^  jB^ith.  a  jittl^,  sulphate  of^iroii.  Alum  is  a 
natufa]  product,,  occurring  efSorescent  in  t^i^Iayefrs  of  what 
has  been  named  Aluj^  S^te.^  iiis^^lji^fforined  by  an  arti«* 
fifial^procei^  irom.wliat  isnamedt^luiaOre,  w^iii^^p-' 
,  pears  ^p.be.^jaciq^  of  slater  impregj^ated  with  salphul?  or. 
sqlphur^  qf  jron^  k,  is  calcined^f.aitd  afterwards  .exposed 

^  »  -         »  »  * 

\o  fl^eatmosphere^m  A};kumid  state  i  ^q  sulphur  ^sc&rbing 
Qxygen  is  convertfe^into  sulphuric  add^^hickactS;  on  the. 
furgill^iceoiis  eartl^  ofjthe  slate*  /Pie.  saline  matteifjs.^«r 
tcacted^by  I]tiviat}on,  and  when  a:Iittl^  potash  has  be^Q 

added, .  aluin  ia  obj^ined  by  crygtallixation. .   The  alUm  €(f 

«  ♦  * 

cc^mprce  ..is  injijajge 'masses a^hi£^  And  tralispar^t. 
Wh^  regularly  :cry»tallized,  th^  l^rnpi  of  the  crystiil$  is  ab 
<Kat^d]^n,jj  -It; is  .soluble  in  l^.pajrts  of  cold,  and  in  two 
Pl^H.i^{W^}i%  V^'^  •  ^^^  ci^stalf,  are  s%htly  effloresdeilit  \ 
\U  ta^te,  is . sweetish  and  astringent.  Its  solution  r^ens. 
|he^vegetabIe  colours,.  When  exposed  to  a  modet^ate  b^t 
k;i^elts,  from  the  water  of  cryistallization  which  it  cont9:ui8l 
^ifBSpIvipg  the  solid  salt  \  this  soon  evaporates,  and  leaves-, 
a;  light  white  powder,  named  Burnt  or  Caldned  Alum.* 
By  a  strong  heat,  the  acid  is  partly  expelled,  partly  de* 
composed,  a'qu^tity  of  oxygen  being  afforded  by  its  d€f« 
composition. ,  This  salt  i^  decomposed  by  the  alkalis  ancl^ 
alkaline  earthi^  which  attract  the  greater  part  of  the  acidji 


4l4     .  *  OT  BVLBHVKIC  ACWj 

and  precipitate  the  eaith  with  a  small  ^iMilj  tstidU 
combined  with  it.  It  consists  of  add  ^5,  ^gfl  itMf  ^ 
tjpsh  S.3,  water  47.  Vauqueliit  r^ardsit  as  a-tomposiaA 
of  sulphate  of  potash  and  super-solphate  of  argil.  '*- 

'  The  acid  of  alum  is  decomposed  by:  heating  it  iriAt  car- 
bonaceous matter.  '  :  .  i :.;,..  . 
A  decompositioti  of  diis  kiiid  a£k>]:ds  a  V^ry  {>eeidiidr 
product,  distiliguiAed  by  burning  spdiitktieoiidy  on:  eacpo^ 
sure  to  the  air.  This  substahee,  natn^*  Pyrophonis^  is 
prepared  by  exposing  to  heat  in  sa  innt-pot^' three  pstrti 
of  alum,  with  odepioi;  of  flotr :  the  mixture  liquefies^  aad 
is^to  be  js^red  constant^  tffi  the  whde  becomiss  gtej,-  as^ 
eabily  redudble  to  powd^riirhile  hot'  -The  6darse  powdeii 
IS  put  into  a  cdsiiiA  ^lal^'  s6  lii  iMafy  t^'ffl  it,  «nd  iMsj 
dightljr  stqyped  l^idi  day,  being  siirroailde<i  sHth-siaid  ih 
a  dradUe,  is  exposei^-  la  a  red  he^t,  until  ^a  hiu^  flame  ap^ 
pears  at  the  mouidf  cdT  the  {Aiial  :'iii^hiiil  ii&  has  edaStinuiiil 
tm  mittttt^,  th^  c»iieilS9e  IS'  fenced  Srkm  Ae dSw,  and 
the-  phial,  wh^  suffidei^ jedld,  k  ^dn^ateiy  sfd^  ^ 
«  Fyrophorusitlflamesiii^tmosph^C'aii',  e8t>edfl3l^'iii  ti. 
ii»>ist atitio^phere.  It  burns  bnliiatitIy;fai.oxygei^gas|ii 
Aitik>tts  gtu,  aud  oxyintffriBtic  add  gas,  ai^^  inflainedby 
ijulphttric  and  nitrous  adds.  With  r^ard  t&  ^  Htknaty  ti 
its  combustibility,  it  hfls  been  proved,  that  in  x>rder  M 
form  it  the  altim  must  certain  potash  V  the  sulphuric  add 
is  decomposed  by  the  carbonaceous  vegbttkAe  inatter,  ithft 
a  portbn  of  sulpbtir,  which  is  its  base^  is  Bup^kised  t9 
combine  with  the  pbtash,  and  form  a  sulpHui'et,  wfaichi» 
diffiised  through  th«  ai'gillaoeous  earth,  widi  a<)aratiQr  of 
charcoal  perfectly  dry.  When  e^^posed  to  theair,*ittdd< 
tore  is  absorbed,  by  which  the  temperature  is  raised :  and 
the  sulphur,  it  is  supposedi  absorbing  oxygen,  is  inflamed, 
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isd  landtes  tihe  dry  carbonaceous  matter.  It  is  not  im- 
pmbable^  as  Dayy  has  suggested,  that  a  portion  of  the 
potash  may  be  deodmposed  by.  the  joint  action  of  the  sid* 
phur  and  chaiftobali  and  potass&un  produced,  to  which  the 
combustibility  may  be  principally  oWing* 
iv  Aitek  is  used  ki:  a  variety  oft  aitsl' ; It  luordeiis^t&IUw: 
itlnarci^sies.tlieiAdUcsitja  powerof  l^^  £uftilieMil&  |ms|0S  t 
iiioMeiM  ti|riiidjirat£sidecr^^^^  it^kiait  099siiiiA  mitAh 
uithtlsaA jif  dyeingftt&iiflg  the joohur&f. asdf  cfieA  isidin|; 
kridicir 'briHrnnoy^.-.Tbe  prdseitasef  iron.ofteQ^  injttr^'the 
fDorerdduBatertodobrs^  ibd  tkauisfneriori^ior^i'  vaMM^ 
toJied:Biriann  tAihiiwustt^-^^iiqioiiiaiUi  ikppnLrs^JtO'^t^ittg 
(0  difc ;bflt%  &eft(^ora}tllls//n%«taL. '  Alam  %;fl)ad(  us^  id 

.^iTbe  ptttec -sH^phatfasiifaamt ken.fittfe ittbniitt&vSinL^ 
wvuLT^^otZtRcoii  ir^xiaipid  bild  insolobl^L'  SawkAipi^ot 
QjAJCivt  is  difficultly  crystallizal^ ;  its  taste  is  sal^ElhatiM 
1^  witringffiit  ^ill  jativierf  HKdiA^iQ.watetv^iltsMdtttM^ 
simmig  by  aoorihantmlitm'thB  jCqnsisNnA&  oftt  syrup. 'Bin^ 

liMimbauklfcrm^and  of 'aiooloar  iiidinilig -to  «ttieil^ 
nd;^r.li3»i»t»it^[iaaifeeeiimd»ttih  i  ^  ^  •'    •> -^ 

,  yTheoteiuniiig  cdmbinatflins  o£sd|dittric  aidli.fidi  «6'  he 
fanside^d :  under  dae  '.hisfeorr^ofvtfae  substftnces'ti)  which 
|bay:helong.  I3|e  add  itsdf  is  of  extensive  ime.  It  is  Mil 
ef'tfae  iilosft important  agents Jtt'Chemiud  intesttgations^ 
dibe^by  tba  affi^tiorit  ekeits^'  or  by;the  oxj^gen  it  ooQi^ 
iBBBiicaElea.  In  the  arts  it  is  mucb^emplc^p^,  as  in  bleftdi* 
iBg ;  m  aooie.  of  the  processea  of  dyeing ;  m  metallurgtc 
openttiotts,  and  in  the  prepasation  of  neutral  salte.* 
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Sect.  III. — Of  Sulphurous  Acid^^'   '    . 

•■  •       • 

SuJUPHUROUB  acid  is  formed  in  the  slo'W  combustion  of 
ftttlphor,  but  it  Ib.  mixed  with  a  little  eulphuric  add^  and  to 
obtain  it  pure>  the,  easiest  prpons  is'  to  deoompose  sulphu* 
ric  acid  by  the. action  of  substances  which  |>attiaH]r  ab^ 
sti:act  its  <i|i^g«n>  and  whldi:do  not  form  an  aeriform  pro^ 
duct^.  Tbie.metais  produce  such  a  decomposition,  and 
quioksilr^ei^  jor  tin  affoida  t|ie  purest  product.  One  pan  of 
either 'is .{Hit liolo  a  r^ort,  iwith.  two  parts  of  sulphuric 
acid ;  heat  is  applied  by.azkmpi  the  metal  attracts  pairt  of 
the  oxy^fiBtiof  the  acidf.and  the  sulphurous  add  gas  is  di$- 
fQgf^j^'^T.Bein^iabsorbed.hjr  water,  it  is  received  over 
m^cUry*.-  ...;.'.     L     ^  -   /.   .  ..-  -^^ -'i  ►    .        ) 

.  JPhd  pdaapositton  of;sulpbiifarous  acid  ha<  betaifTarious^ 
stated .  with,  regard  :to  .the  .pxbportions  'ofrits  *  demditif 
Th^re  is  rj^i^on,.  however,  to  beliaw,  jthat' oxygen  gas  in 
coaibining. . with. jBulphur  >io  form  it  sufiers.no  change  df 
volume,  but  is  merely' increased  in  density  by  the  addition 
of  ih^i^i^lf^ur.  From  koowihg  the  difiermce^  therefore, 
bqtw^en  the  specific  gravities  of  sulphurous. acid  gas  and 
oxygen  gas,  the  proportions  may  be  assigned.  From  this 
mode  of  e9ti$[iationi<Sir  H.  Davy  infers* that  they' are 
equal  vifejghts.  Gay-Lussac  had  stated  them  at  52  of  suU 
phur  and  48  of  oxygen ;  Mr  Dalton  at  48  of  sulphur;  and 
52  of  oxygen.  The  proportion  of  equal  weights  is  theren 
fore  just  the  mean  of  these.  /  ^ 

This  acid  exists  in  the  state  of  gas  ;  but  it  has  been  re* 
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duced  to  the  liquid  state  by  the  applicsLtioii  of  intense  oold 
and  pressure.  Its  specific  gravity,  compared  with  atmos- 
pheric air,  is  as  2.220  to  1.00b;  100  cubic  inches  weigh 
about  68  grains.  It  has  a  snifoc^tih^  pungent  odour, 
proves  speedify  fatal  to  life,  and  instantly  ei^tinguishes 
combustion. 

It  IS  easily  iabsorbed  by  water,  100*  grains  of  water 
taking  up  8,2.  grains,  equal  to  33  tinies  its  rdume.  The 
solution  has  a  pungent  disagreeable  odoui-,  and  aii  acid 
tastCv  It  reddens'  some  of  the  vegetable  colours,  while 
there  are  others,  the  colour  of  which  it  destroys.  Froni 
the  application  of  a  modei^atelieat,  the  greater  part  of  the 
gas  is  expelled,  though  the  liquor  remains  acid,  from  the 
presence  of  sulphuric  acid.'  It  is  singuterthat  it  is  not 
expelled  by  freezing ;  it  remains  combisfed  with  the  ice, 
and  renders  it  so  heavy  that  it  sinks  in  water. 

The  liquid  isulphurous  acid  absorbs  oxygen  fVom  the  at- 
mosphere^ and  is  converted  into  sulphuric  acid.'  If  they 
are  mixed  in  the  g^useous  stkt^,  and  a  smaU  portion  of  wa- 
ter is  introduced,  they  gradually  combine.  B;^  piasidng 
Bulphuric  acid  through  a  tube  heated  to  rednei^s,  a  gi*eat 
part  of  it  is  decomposed,  and  the  sulphurous  ftcid  atid 
oxygen  into  which  it  i^  converted  are  obtained  in  the  p)*o- 
portion  if  two  parts  by  volume  of  ^uljihurous  acid  gas, 
and  one  of  oxygen  gas*  Hydrogen,  at  the  temperature 
of  ignition,  attracts  oxygen  from  sulphurous  acid.  Char- 
coal, at  the  same. temperature,  produces  a  similar  change, 
and  sulphur  is  deposited.  It  is  hot  decomposed  by  phos- 
phorus, and  it  acts  feebly  on  the  metals.  Nitric  oxide  gas 
does  not  act  on  sulphurous  acid  gas  when  they  are  dry ; 
neither  does  nitrous  acid  vapour;  but  if  to  the  latter  mix- 
ture a  little  water  be  admitted,  a  solid  crystalline  com- 
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pound,  according  to  Davy,  is  formed ;  and  if  more  water 
18  added,  nitric  oxide  gas  is  given  off,  and  the  sulpburotts 
is  converted,  into  salphuric  acid. 

Tliis  acid  combines  with  facility  with  the  alkalis,  form- 
ing salts  denominated  Sulphites.  Their  taste  is  sulphu* 
reous ;  they  are  decomposed  by  a  high  temperature,  and 
bythe  greater  number  of  the  acids.  The  alkahne  sul« 
phites  arb  more  splubie  than  the  sulphates  in  water,  the 
earthy  sulphites  l^ss  so.^  All  these  salts  are  converted  into 
sulphates  by  exposure  to  the  atmospheric  air,  or  by  the 
action  of  any  substance  capable  of  affording  them  oxygen. 
They  scarcely  require  individual  notice.  Sulphite  or 
PoTAS)H  is  obtained  in  crystals,  white  and  transparent,  of 
a  rhomboidal  figure,  or  m  the  form  of  small  needles,  so- 
luble in  an  equal  weight  o£  water  at  a  mean  temperature, 
and  in  a  less  quantity  of  hot  water.-*'  Sulphite  of  Soda 
is  white  and  transparent,  soluble  in  four  parts  of  water, 
more  soluble  in  ^varm  water ;  and  the  solutitin,  on  cooling, 
afibrds  crystals  of  a  prismatic  form. — Sulphite  of  Ammo- 
KiA  requires  less  than  its  own  weight  of  boiling  water  for 
its  solution,  and  the  solution  crystallizes  on  cooling ;  its 
crystals,  being  six-sided  prisms,  ivhite  and  transparent.;— 
Sulphites  of  Barttes  and  Ar&il  are  insoluble ;  those 
of  Lime  and  Magnesia  soluble  and^crystaQizaUe. 

Sulphurous  acid  is  used,  from  its  property  of  destroying 
colours,  to  whiten  silk  and  wool ;  it  is  applied  usually  under 
the  form  of  the  fumes  of  burning  sulphur. 
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Sect.  IV.— (^  Su^kur^ed  Itydr^gen\  and  Qtkei\,  Com*- 
pounds  ofSifiphur  and  Hydrogen. 

Sulphur  combines  with  h^rogen  in  various  propor- 
tions. The  compound  best  known  is  an  elastic  fluidf 
which  bas  received  the  name  of  Sulphuretted  Hydrogen. 
There  appears  to  be  another  with  a  larger  proportion  of 
sulphur)  ^ which  may  be  named  SuperHsulphuretted  Hydro- 
gen>  and  there  Is  some  reason  to  believe  that  this^  latter 
con^bination  may  be  established  in  dififerent  proportion^. 

1.  Sulphuretted  HYDEOG£N.--^This  compoiHid  is  not 
easily  formed  by  the  direct  combination  of  iu  constituent 
principles,  but  is  obtained  by  indirect  processes,  in  which 
the^hydrogen  is  presented  to  the  sulphur  in  a  condensed 
or  nascent  state.  That  which  affords  it  with  most  &cifity  . 
is  the  action  of  diluted  muriatic  acid 'on  a  sulphuret  of  . 
iron,  prepared  by  combining  by  fusion  one  part  of  sulphur 
with  three  parts  of  iron.  The  acid  diluted  with  four  parts 
of  water  acts  on  this  compound,  by  a  resulting  affinity ;  it 
enables  the  iron  of  the  sulphuret  of  iron  to  decompose  the 
water;  by  attracting  its  oxygei) ;  the  hydrogen  is  disen- 
gaged, and  being  presented  in  its  nascent  state  to  thesul* 
phur  of  the  sulphuret,  combines  with  it,,  and  forms  the 
sulphuretted  hydrogen,  which  passes  into  the  elastic  form. 
It  is  liable  to  be  mixed  with  a  little  hydrogen  gas.  By 
applying  heat  to  a  mixture  of  muriatic  acid  and  sulphuret 
of  antimcMiy,  it  is  obtained  purer,  as  it  is  also  from  the  ac- 
tion of  muriatic  acid  on  the  compounds  , which  sulphur 
forms  with  alkaJine  bases. 
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Though  it  is  difficult  to  combine  sulphur  and  hydrogen 
together,  so  that  the  whole  of  the  hydrogen  is  ^ponverted 
into  sulphuretted  hydrogen,  a  portion  of  the  latter  com- 
pound is  always  formed,  and  this  taljies  place  apparently 
without  any-change  of  volume,,  the  hydrc^^n  merejy  re- 
ceiving as  it  were  the  sulphur  into  the  space  it  occupies; 
the  iiM^vease  of  density,  therefore,  shews  the  quantity  of 
.sa^uf  dissolyiedi  and.kence,  from  comparirfg  the  specific 
gf^vlties  of  pure  hydrogen,  and  of  sulphuretted  bydro^n, 
tiie  composition  of  the  latter  may  be  inferred.  Both  from 
this  mode  of  estimation,  and  from  the  decomposition  of 
the  gas  by  heating  tin  in  it,  which  combines  with  the  sul« 
pbur,  anfl  leaves  the  volume  unchanged,  the  proportions 
appear  to  bo  &  of  hydrcigen  and  94  of  sulphur- 

llie  specific  gravity  of  sulphuretted  hydrogen  gas^eoin- 
pared  with  atmo^hanic  air,  is  1.1912.  100,  cubic  inches 
of  it  weigh  36.5  grains.  Its  smell  is  extrj^mely  fetid  and 
peculiar*  .  It  extinguishes  combustion,  and  is  incapable  of 
supports^  animal  |ifis.  It  is  absorbed  by  water,  the  wa- 
_ter  taking  up  more  than  its  volume,  or  100  cubic  inches 
Absorbing,  according  to  Dr  Henry,  108,  and  acquiring 
from  this  Jmpr^nation  the  fetid  smell  of  the  gas,  and  a 
'  nauseous  taste.^  It  is  colourless  and  tranf^arent,  but  be- 
comes turbid  from  exposure  to  the  atmosphere. 

In  its  elastic,  state,  sulphuretted  hydrogen  does  not 
combine  with  oxygen  at  a  low  temperature ;  but  if  placed 
over  water,  their  mutual  action  is  facilitated  by  its  me- 
dium, the  oxygen  combines  with  the  hydrogen^  and  a  thin 
deposite  of  sulphur  is  formed.  At  the  temperature  of  ig- 
nition the  combination  is  more  rapid.  If  the  su^huretted 
hydrogen  gas  be  kindled  in  contact  with  the  atmospheric 
air,  it  burns  with  a  blue  lambent  flame.     When  previous 
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ly  milled  wkh  one  or  two|>arts  of  atanpspheric  «jr,  it  dben 
not  detonate^  aiid'  the  Gpsabustion  of  its  eleolents  is  bqI 
cbitiptetie^  part  of  tbe  siilpbur  bdUg  deporfled  on  the  aides 
pf  tbe  vessel.  When  milced  with  an  eqilal  volfBne  of  axf* 
"gen^  gia$9  and  kindled»  ii  Inflames  /W:ith  detonatitm*  Ae 
{^PdiielS'bekig'watei'y  Tapour  and  aults^unoiis  Aeid^  llliis 
deeomfioifed ,  by  th^  action  of  sofifir  <»tb«4^  gfise9>  ^hteh 
af&rd  to  it  oxygen,  as  by  su^hnifoua  acid|«  and  iiiti&o 
'  Pxid^  gas,  the  oxygen  (Combining  prtneipally  with  itor  lff>9 
drogen,  and  sulphur  being  deposited  t  oxymiijriatic  acid  ^gMi 
likewise  causes  a  preoipitation  of  sulphur. 

Sulphuretted  hydrogen  eMits -a^pe^uliar  action, on  the 
inetdls*  It  tarnished  thera  quick^^  .or  i^frimuQioaites 
shades  of  yellow,  btoiirn  or  purple,  with  a  difQinntioniof 
metallic  lustre.  It  deepen^  the  colour  of  their  Oxides,  and 
if  ftddodto  metallic  sphijtiofiSj  it  produced  a  pfecipitiite  bf 
the  n^^tallic  oxide  or  of  the  metiJ  in  c^mbioatioto  #itb  the 
sulphur,  generally  of  a  d^rk  dbade* 

Sulphuretted  hydrogen  comlHnes  wkh  the  alkalis  and 
etirthSi  and  di^lays  in  these  couibinatiotis  pdwers  si^lar 
to.  those  of  an  acid ;  it  neutralises  the  attiaiilae  properties^ 
and  £[>tms  coippouodsjC&^able  c^crystallisiagt  and  hating 
properties  analqgous  to  those  of  neutrdl  sabs.  Audi  not 
only  has  H  these  powers  analdgoos  to  those  of  acids,  it  has 
farther  the  most  distinctive  charac^ter.  of  acidity*  UiSi  <^ 
reddening  the  vegetable  colours  $  it  at' leaftt  reddens  the 
itolour  of  litmus  or  radish. 

}f  this  substance*  therefore^,  be  a  compotind  of  aidpliur 
and  hydrogen,  It  forms  an  exiieptapn  to  the  universality  of 
the  proposition^  ^that  pxygen  is  the  priiici|rie  df  aoidi^t 
and  affi^s  an  examine  of  an  acid  containing  no  oxygen* 
To  obviate  this  conclusionj  it  has  been  •  supposed  that 
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exj^gen  may  exist  in  its  composkiont  and  some  resuhsi  d9 
has  been  already  stated^  conneeted  with  the  action  of  po- 
tassium on  suJpburetted  bydrogeii,  were  obtained  by  Sit 
I{.  Davy,  from  which,  he  inferred  the  presence  of  oxygeO) 
the  potassium  buniing  with  a  brilliant  flame  in  thega^> 
and  the  product,  when  acted  on  by  diluted  muriatic  add, 
not  yielding  ^  pri|K)rtion  of  sulphuretted  hydrc^ien 
which  it  must  have  done  had  not  oxygen  been  communi- 
eiEled  to  it,-  The  reverse  of  this,  however,  has  been  found 
by  Gay-Lussac  and  Thenard.  Tliere  is,  therefore,  no  ex- 
perimental evidence  of  the  existence  of  oxygen  in  sulpha* 
retted  hydrogen,  aQd  the  obvious  acid  qdallty  of  this  com- 
pound afibrds  a  con^rnia^ion  of  the  view  which  1  have 
already  stated,  (p^  865),  that  acidity  is  a  property  dei*ivcd 
from  combustible  bases,  developed  only  by  substances 
which  render  these  bases  soluble  and  active,  an  effect 
^which  hydrogen  may  produce  as  weH  as  .oxygen*  Hence 
sulphuretted  hydrogen  may  display  acid  powers^  though 
no  oxyc^  exists  iu;  its  composition. 

The  compounds  of  sulphuretted  hydrogen  with  the  al- 
kaline or  earthy  bases,  are  formed  by  transmitting  it  in  its' 
elastic  form  through  water,  in  which  they  are  dissolved  or 
suspended,  continuing  the  transmission  until  tliey  are  sa- 
turated. They  are  named  Hydro-sulphurets.  They  are 
soluble  in  water,^  and  crystallizable ;  their  solutions  arc 
colourless,  while  the  air  is  excludetl,  but.  when  it  is  admit- 
ted, they  become  turbid  from  decomposition ;  the  oxj-geh 
of  the  air  combining  with  the  hydrogen,  a  portion  of  sul- 
piitir  is  dq>osited,  add  another  portion^  if  the  exposure  be 
ccmtinued  sufficiently  long,  combines  v^i^i  oxygen,  form- 
ing sulphuric  acid.  Tliey  are  decomposed  by  the  acids, 
sulphuretted  hydrogen  being  disengaged ;  and  they  precl^ 
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pftate  of  a  dbu4c  cdoar  metallic  ^Iiitions.  ^ey  are  tkiif> 
decomposed  by  heat,  the  sialpliaretted  hydrogen  bemg  {no^ 
tiafly  expelled. 

'HT^Ro-sOtFiflxRKT  OF  PotXsh,  obtained  by  the  above 
process,  fs  in  prisMatic  erydtals,  white  and  transj^tent ;  its 
taste  is  bitter  and  alkaline ;  it  is  inodorous  when  dry,  ^btit 
becomes  feltd,  if^mbistened.  It  attracts  humidity  from 
the  air>  is  soluble  both  An  wsAet  and  alkobol,  and  when 
acted  on  by  acids,  gives  rat  a  considei^ble  quantity  of  snU 
ffcufetted  hydrogen.— i-HYDRO-suLPHUBET  of  SoITa  is  al- 
so of  a  white  colour,  transparent,  crystallised  in  tetrahe* 
drai  prisms,  acuminated  By  four  planes.  Its  taste  is  at 
first  acrid  and  alkaline,  soon  becoming  extremely  bitter: 
It  dissolves  abundantfyin  water,  and  prodoces  cold  in  dts* 
solving  :,it8 solution  is  eolourleiis,  but giTe»»greeti  tinge  to 
paper  t^  it  has  a  sm^U  of^sulphureited  hydrogen.  Acids 
produce  with  it  a  brisk  efervesc^ce,  and  render  this  odout* 
very  strong ;  but  they  do  hot  render  the  liquid  turbid. 
Themtrous  and  oxy-mudi|itic  acids,  however,  proidticoA 
pfiecipitate  of  siiIphur.«»H¥i>RO-8Dri>RUR£T  of  Amimoni  a* 
Tilts  oompound  is  formed  by  the  direct  oombination  of  itft 
principles  in  their  atrial  form,  a  thin  soft  deposite  being 
formed  on  the  sides  of  the  vessel,  which  exhales  ^  penetra-* 
ting  vapour  when  exposed  to  the  air :  by  surrounding  the 
vessel,  during  its  formation,  with  a  freextag  mixture,  it.  la 
olbtained  in  white  crystals.  Another  combination  is  ob- 
tained, by  transmitting  sulphuretted  faydn^n  dirougfa  li- 
qtiid  (unmonia,  the  liquid  acquiring  a  ydlowish  grden  co- 
lour, and  fetyi  odoon  Another  combination  long  Jcnown 
to  chemists  by  the  name  of  Fuamg -Liquor  of' Bo^Je,  is 
prepared,  by  exposing  to  heat  in  a  retort  a  mixture  x^^- 
phur,  lime,  and  muriate  of  ammonia i  a-liquor  distils  ovar 
of  a  yellow  colour,. which  has  a  sharp  fetid  odour,  and  ex- 


I 


i 


« 


4tf 4  OF  SULPUUMETTEJOi  fiTDSOG£N. 


habfi  white  vapours,  when  expased  to  aUsnoapheric  suur  or 
oaqp^pi  gas.'  It  variaft  oonsidfeildbljriiB  die  pijoponions  of 
its  constituent  parts* 

.Uti>ap^^VLFtfulleT^oF{BAilyt£fi  Jfl  fersi^  by  tmnsQui- 
tiDgfiitlpbareltQd  bydrogi^  ga»  through  water,  in  which  b»- 
rjrteJB  is  .tospended  ^  it  is.  afauDcliioUy  soluble:  whefi  btfy* 
tea  aad'Sttlpbiir  are.boiied. together  in  waler,  the  boiytes 
renders  solnlde  ^xiut oo^^SmMhof  iit».w^ght  of  ^su^bori 
add  asoItttihOB.is'forfnediQf  a  jreUowisb  red  coloDt,  which, 
when  QOMentratedf ,  depontes.  crystals  of  the  form  of  b^s> 
aedral  prismsi. :  These .  according:  to  BertboU^  cwsisjt  of 
hydro-salphurfet  of  baryleatniwithout  any  excess  of  .sulphur, 
Hiey  gii^  out,  ^  when  aisted  on  by  an  acid,  a.  large  qusmti- 
ly  of  fiul^ifaairetted  byfltogep.  /XlieyraitewUte^.transparait, 
aod  of  ^fliUcy.  lustre.'  A  .siaii)ar:jresidt  is  obtained  £rom 
either  of  Aese^processes.with  Stront^  imd  id  i|  pro^. 
ble  that  the^ic^HQQpiolttnd  is  of  tb^  aaioe:  n^lut^»i  .  Hy0|u>- 
suiiPHUREt  of  LiM£ .  can .  he  fonDed  by  trani^nittiog  sul* 
plmr^ited :  hydrogen  gas 'lJir4Mu|;h^¥ra|egr  in  which  Uiiieis 
suspended:  The  compound  ia  jCB|iable  of«  crys^izing  in 
piisms  ]  it  is  ft^bibleaiii^ater.;  the^.cfi^ution.  is  without  co- 
lovff^.but  baa  a/ftftid  sweilf  $u]ph»jreQ^d  hyd^og^  trans-, 
mitted  thcough  water  in  .'which.magn wa  is  su$p^nd^d^  dis* 
floI\pes  «  small  quajutiliyjpf  it  Its  rations  to  ^  the  other 
earths,  baye  not  been  ^«mo^.. , 

-.,'.'..       •        '.•"'/      '•*  .*» '         ..  •    ' 

II*  >Su7£B«aui*7HXJit$iDi3&p  Hybj^ogx^. — Besodes  the 
compound  i^f  ault>hur  and  bydfrogi^n,  whicli  forin^  sulj^u- 
retted  bydrogoD,  they.  con)liHtie.in. other  projjj^rtions,  so  as 
to  form  different  cooipouinds^  .  One'  of  this  kipd  formed 
by.  th^  action  of  alkaline  sidpbur^ts  pn  water,  was  observed 
by  Scfaeele^  and  afterwajrds  by  Berthollet.     It  has  been 
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Bellied  Snpfar^dphuiMed.  Hjrdr^^  «ad  bj  soiae  cAm^ 
iflkti  i^Kbio^reUedSii^itf^  If  a  Icnrge  qimnthy  of  ma-^ 
riacic  acid  be  added  to  aiaolutibn  of  an  alkalmesiilphinret; 
0r>if  spiall  quantkieB  of  the  soUfionbe  poured  into' the  a* 
eid,  u'Uti^^xiiphyareiteAh^  part 

ctf^'the  aulpbiir  m  predpitated,  biit'-a  portion  eKktsI  ootnbln- 
edMTith  tUe'Wnaiiiing  sutphabetted  bydrogen,  ^mxinga 

liqmd  wbidybiis  the  appeamnee  of.oil^  of  a  jdkvwor'red^ 

>  .  ■  '  '        •  ' 

disk  coiom^  and  which  soon  jnibsides  to  the  hbl(bsn/of  the. , 
vesseL  This  is  the  ISuper^-su^iisetted  hydrogen; 
-  It  has  been  little  examined  in  its  inaofauod  state»  eadia 
<not  easily  sobmittedHto  dieiiii(a$l  €xaminatidn|;»afe  it  is  ex^ 
tvtnaefysixanqidfaie  of  decomposition.'  Sa^tB'ettedlhjrdr6* 
gei^  escapes'from  it  Sfien  at  modetate  temperatiHres>  and  it 
is  deoomposM  bjr  the  aedon  of  thet  Ur.  In  ies  action^  faoi¥-. 
ei9^f  on  diet  i&aUne  and  eartiby  bases,  it  forms  tombitja- 
tkM'Afsofoe  interest  and  ilbporlsmoe.  ' 

l^ese  ccunpounds'  are  obtained  b j  boiling  «n  aUndiHe  at 
eait^iy  hy&roHnilphtiret' ^wlth  an  lidditima]  proportion  of 
8ulpbnr»>  orjaolre  simpfy  by  boilhig  ^olpbnl*  With. an  estrth 
or  aHtali  in  watery  or  by!co^bming  the^  m^ur  .wifh  the 
eaorth  or  alkali  by  fa9ion>^Bd  then  ^ssolving  t\m  ib  water. 
In  either  case,  a  deeompositibnof  part  of  thewatei*  is  pro;> 
^  duced  ;';itsoxygmi  is  attra<;tcd  by  a  portion  of  fbe  sulphnr^ 
and  sulphnric  acid  is  formed>  which  is  saturated  by  a  part 
of  the  alkaline  or  eaHby  base.  The  hy&ogen  of  the  de- 
composed water  unites  with  the  remaining  sulphur,  and 
with  it  and  the  rest  of  the  base  forms  a  ternary  compound 
sdhd^le  in  water  I  and  as  there  is  in  die  li(]uor  a  great  ex- 
cess  of  sulphur,  the  combination  estabfished  is  not  that  ' 
which  co^titutes  sulphuretted  hydrogen,  but  is  super-suU 
phurctted  hydrogen.    It  is  probable  even  that,  according 
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to  the  vdatire  proportSons  of  thesnlphiir  and  alkaK,  these 
compioiinds  may  vary  in  the  pfoportiona  of  tbeil*  coa^tur 
ent  principles.  Tb^  are  of  different  shades  of  eolonr,  from 
reddish  yeilonr  t»  e  yellowish^green ;  and  what  4s  aproof  of 
this  diversity  ixf  prcypertion^  they  affi>rd|  when  they  are  de- 
composed by  an  acid,  ymriaUe  quantities  of  su^bnr  by  pre- 
cipitation. The  presence  of  the  small  portion  of  solpbate* 
that  is  prodoced  in  their  fiormation  .does  not  appear  mate- 
ri^y  to  modtfy  their  properties.  Tbey  may  be  n^nedy 
from  the  nature  of  their  Gomposition,  l^lphnretted  Hydro-* 

sulpkmrets.   .They  hfcve  hem  named  Hydrognretled  Sol- 

« 

phurets;  but  the  name  is  so  harsh  that  it  caii  scarcely  be 
adopted,  and  the  o^r  appellation,  without  beii^  liable  to 
this  objection,  t^  well  e^resste  th^r  constitution,  and 
the  difference  between  them  and  tbeliydnvsn^qrelB.: 

These  liquors  are  transparent,  <rf  a  yellow  cobur  mcare 
or  less  de^,  and  of  different  tints.  Their  smell  is  fetid  ; 
they  are  immediately  decomposed  by  the  addiCfon  of  an'  a- 
cid,  which  neutralizes  the  base,  precipitates  ^the  greater 
part  of  tlie  sidpbur,  and  disengages  the  hydrogen  combin- 
ed with  a  portion  of  sulphur'  in  tbe  state  of  sulphuretted 
hydrogen :  the  quantity  of  this  Iatl%r  product  is  usuafiy 
small.  The  precipitated  sulphur  is  of  a  pale  or  white  co- 
llar, either  from  its  'State  of  aggregation  or  comlMnatton 
with  water. 

Thoifadlity  wjith  which  these  compounds  combine  v4th 
oxygon  forms  their  most  important  chemical  property.  If 
exposed,  either  to  pure  oxygen  or  to  atmospheric  air,  the 
,  oxygen  gas  is  absorbed,  and  the  liquor  continues  to  exert 
this  action  uhtil  nearly  the  whole  of  the  sulphur  is  convert* 
ed  into  sulphuric  acid,  and  it  becomes  a  solut^n  of  the 
su]ph<ao  of  the  alkali  or  earth  with  which  the  sulphur  had 


» 
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•eeo  4K)fiabniedv .  This  fiioQity  of  combmadion  appears  i» 
be  owing.  par%  to  the  snlpfaur  l)eing  jil  the  liquid  -  state» 
whencie  the  rk»stance:op|KMS0d  by  its  ccdiesion  in  its  usual 
toxm  to  its  combination  wkh  oxygen  does  not  opet^;  and  ^ 
p^y^to  the  alkaline  or  earthy  base,  by  a  residdngaffi* 
nity  promottpg  the  qpinbinaition'of  the  8Ql|dmr  snd  •xy* 
jjen. .  .    .    .  I  •     •  ■•  . ;. 

'  .  From  this  pow^r  of  abtorbiiig  oxygen  iga8»  thesei  ^[ttoni 
have  beien  i^pliiKLto  .the  purpose  of  'eadiemetryy^  and  th^ 
a^rd  one  of  ihe  best  eodiivneters.  The  liquor.  eA^loyed 
is  either 'the  sulpbtiretted  bydro««i]phuret4)f  po<^sah'Or  of 
lime ;;  the  bt^  betag  easily  pceparedi  in  aiiigh  stttteef 
concentration,  is  preferred*  It  is^olptaii^^  bybofling^iml 
wdghts  of  jime  and  sulphur  ia  10  or  li2  times  their  weight 
of  water.  When  a  tXibe  <containing^ia»o8|>beric  airi»pfiio« 
ed  iu  4  portion  oftliis  Uquori  ij^ie  oxygen  of  the  contained 
air  is  ^adaaUy>absOTbedi  and  the  liquor  arises  witliin ;  and 
the  tube  being  graduate,  ihe  qaanli^  of  oxygon  ^bstraoit- 
ed  is  ia^cated*^  •*  .  .' 

.  This  method  of  c^>erating  has  the  disadvantage  of  slow- 
ness ^  the  liqaoi^,  from  the  smallitiras  of  the  surface  in  een* 
tM:t  with  the  air,  absorbing  the  o3(ygM  only  grfii/diiajfyf  \ 
and  a  consjdm^aUe  time  beiftg  required  to  mark  when  the 
absorption  has  becon^  complete  Itisof  importance,  there- 
fore,, to  accelerate  the  operation,  and  the  apparatus  which 
Dr  Hc^e  enq3loy8  does  so  with  every,  advantage.  li  con- 
sists (fig:  24«)  of  a  small  bottl^^^designcd  to  contain  the  sul- 
phuretted  solution ;  to  the  mouth  of  this  ^  graduated  tube 
is  ad^ted  by  grinding,  and  towards  the  bottom  of  the 
bottle  is  an  orifice  fitted  with  a  stopper.  The  bottle  bdng 
filled  with  tt»e  solution,  and  its  orifice  being  covered  with 
|i.jQ[a%  plate  of  glass,  it  is  placed  under  4iie  suriape  of  water, 
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ftod  the  gradufrted  tube  oontainiiig  the  air  sobyected  to 
trialy  is  inserted  into  'VL  The  apparatus  is  removed  from  the 
'iratery  is  indined  so  as^to  aOow  ^rt  of  the^  Ikjoor  to  flow 
into  the  tube,  and  agitated  stroiiigiy*  It  is  replaced  in  the 
watert  and  the  Copper  at  the  under  orificewithdrairni 
i»heii»  from:  the  absorption  <^  die  OKyg^i  of  the  a^ir,  a 
quanti^  of  water  rushes  in.  The  stopper  is  again  intni^ 
duoed^  the  agitatioii  renewed^  and  the  (^ratioii  is  repeat- 
ed ^qtil  the  absorption  proceeds  no  farther.  <•  The'amount 
of  this  ttaay  be  det^rminc^d  by  plunging  ihe  bottle  with  the 
tube  adapted  to  ittintq  water,  remoring  the  stopper  of  the 
under  orifice^  and  talcing  care  tbiit  the  water  without  is  at 
the  same  level  as  the  liquor  within.  ^ 

'  The  diminution  which'  utaaospheric  air  suffers  when  sub* 
j^K^ted  to  this  ettdiometrieal.inethody  isbetween  21  and  22 
in  lOOvv  Generally  speaking)  It  is  to^be  preferred  to  others^ 
as  of:  easy  execution,  ,and.  liable  to  few  esi'rors.  The  only 
fidlacy  to  w^idb  tit  shears  subje^tf  »  theabsorpticoiof  a 
small  quantity  of  nitrogef  gas.  If  the  liijpior  has  been 
newly  prepared  by  boiliiigs  a^  used  with<»il~preTiofiiis  ex- 
posui^ei  to  the  air,  it. will,  in  common. with  ally  otheir  wa» 
teiy  liquidi  absorb  a  portion  of  the  atmospheric  air  nude- 
edmpo^d)  or  of  its,  nitrogen  as  well  as  of  its  oxygon,  aud 
the  substances  wUh  which  it  is  iraprcipated  may  even  ren* 
der  the  atbsorptio^  of  nitrc^en  greater  than  it  would  be  by 
pure  stater:  it  has : accordingly  been  found  that  nitrogen 
ill  Abspibed  by  these,  liquids^^  This  &llacy  is  obviated,  by 
agitating  the  liquor^  if  it  has  been  newly  prepared,  with  at- 
rngsj^heric  air  before  usuig  it.  |t  farther  appears  that 
when  these  liqtiors.are  kept' for  a  considerable  time  in  cqq«» 
tioct  i^ith  the  air,  the  condlbnsed  nitrogen  combines  with 
the  hydrogen  of  the  sulphuretted  compounds  aiid%>rins 
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ammonia ;  a  fresh  portion  of  nitrogen  is  abi^o];bed,  and  this 
eontinues  to  proceed,  so  that  the  diminution  of  volume  is 
at  length  considerable ;  Scheele,  for  example^  having  found 
it  to  amount  in  atmospheric  air  to  28  in  100  parts,, undoubt* 
edly  from  this  calise.  But,  in  performing  the  experiment 
in  the  above  m6de,  this  source  of  fkllacy  cannot  operate. 

The  properties  of  the  different  compounds  of  super-sul- 
phii  retted  hydrogen  with  the  alkalis  and  alkaline  earths  are 
so  similar  as  to  require  no  distinct  enumeration.  They 
are  all  liable  to  vary  in  their  state  of  concenfration  from 
the  relative  quantities  of  their  ingredients.  Those  of  po- 
tash, soda,  ammonia,  barytes,  strontites  and  lime,  may  be 
obtained  highly  concentrated ;  that  with  magnesia  is  less 
perfect,  and  contains  much  less  sulphur  dissolved. 


>  •        ■ 

Sect.  \ .-^Of  Sulphuretted  Carbon. 

The  substance.to  which  this  name  may  be  applied,  was 
,  first  observed  to  be  produced  by  Lampadius,  a  German 
chemist,  in  submitting  to  heat  a  mixture  of  native  sulphu- 
ret  of  iron  with  charcoal,  or  bituminated  wood.  The  same, 
;or  a  similar  product,  is  obtained  by  exposing  to  heat  a 
mixture  of  sulphur  and  charcoal,  or  passing  sulphur  in  va* 
pour  over  charcoal  ignited  in  a  tube.  From  its  inflamma- 
bility and  volatility,  he  named  it  Alkohol  of  Sulphur.  It 
affords  a  suigular  example  of  diversity  of  opinion  with  re- 
gard to  the  chemical  constitution  of  a  compound,  even  af- 
ter  repeated  examination  of  it.  Lampadius  supposed  it.  to 
t>e  a  compound  of  sulphur  and  hydrogen.    Clement  and 
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Desornies,  on  the  contrary,  observed  that  the  charcoal  dis- 
appeared in  the  process  of  its  fbrmatton,  if  a  sufficieut 
quantity  of  sulphur  were  employed,  aird  that  in  burning  it 
gave  &  residuum  of  charcoal ;  hence  they  concluded,  that 
it  is  a  compound  of  sulphur  and  charcoi^  The  younger 
BerthoUet,  however,  affirnjed  that  ft  depositee  bo  charcoal 
in  its  combustion,  and  that  in  the  products  no  indication 
of  carbonic  acid  cotild  be  disqovered.  Robiquet,  assisted 
by  ,Vauquelin,  obtained  the  same  results ;  and  Sir  H.  Davy 
also  drew  tKe  same  conclusion  from  bis  experiments,  and 
only  foutul  in  it  sometimes  a  minute  quantity  of  charcoal. 
From  all  these  it  might  be  concluded,  that  this  substance 
is  a  compound  of  sulphur  and  hydrogen*  In  opposition 
^  to  this,  however,  are  the  other  positive  results ;  and  from 
an  examination  of  it  more  lately  undertaken  both  by  The* 
nard  and  by  Bcrzelius  and  Marcet,  it  appears  that  it  con- 
sists of  sulphur  and  carbon  alone, — a  diversity  of  result 
proving  probably  that  there  are  different  compounds  of 
this  kind  in  which  carbon  and  hydrog(»i  may  exist  in  com- 
bination with  sulphur.  According  tp  Thenard,  the  pro^ 
portions  of  its  constituent  parts,  inferred  from  its  decompo- 
sition by  passing  it  slowly  over  copper  in  a  red  hot  tube, 
are  85  of  sulphur,  and  15  of  charcoal.  The  results  ob- 
tained by  Berzelius  and  Marcet,  by  decomposing  it  by 
passing  it  over  oxide  of  iron  at  a  red  heat>  give  proportions 
almostHhe  same,  84.83  of  sulphur,  and  15.17  of  carbon. 

This  liquid  when  pure  is  colourless  and  transparent : 
has  a  penetrating  odour  and  a  pungent  taste.  It  is  high- 
ly volatile,  and  produces  in  its  evaporation  a  great  degree 
of  cold  %  under  the  atmospheric  pressure,  the  temperature 
falls  from  60^  to  0,  and  in  an  exhausted  receiver  it  falls  to 
-r80°  ;  quicksilver  therefore  can  be  frozen  by,it ;  it  boils 
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lit  104 ;  jts  specific  gravity  is  1300  ;  it  is  sparingly  soluble 
in  water,  and  is  more  soluble  in  alkobol  and  ether.  It  is 
inflamniabley  aiid  burns  with  a  blue  flame-  When  burnt 
ia  oxygen  gas  the  principal  product  .^|  sulphurous  acid  gas ; 
when  this  is  removed^  a,  mixture  remains  of  carbonic  acid 
and  carbonic  oicide  .gases  y  and  there  is  no  trace  of  hydro- 
gen or  of  moisture.  This  substance  combines  with^alkaline 
bases,  at  lea$t  with  ammonia  and  lime^  forming  compound^ 
wiiich  Berzelius  has  named  Ccgrbo^suIphureU. 


$%cv.  yi.— .0^  ihe  Compotmds  of.&dphu7*mM  the  Aikalis 

and  Earths. 


iSuLPHUR  combines  with  the  fixed  alkalisy  and  with  se* 
y eral  pf  the  earthi,  forming  sulphurets.  TUeto  coinpounds 
are  formed  by  exposing  the  alkali  or  earth)  with  the  due 
proportion  of  sulphur,  to  a  modierate  heat  in  a  covered  cru- 
cible. They  exist pnly  in  the  solid  form  ;  for  when  dissolv- 
ed in  water  new  combinations  are  established  from  the  de- 
composition  of  thei  water,  as  has  been  explained  under  the 
preceding,  sections.   , 

.  SuLFHURET  OF  PoTASH  is  formed  by  exposing  taheat 
in  a  covered  crucible^  equal  parts  of  sulphur^and  dry  con- 
crete potash ;  th6  compound  melts.  When  it  b^^  hecpme 
concrete,  it  is  firm  and  brittle,  of  a  reddish  brown  colour. 
A  sipiilar  combination  is  obtained,  by  exposing  to  heat 
one  part  of  sulphur  with  tvi^  parts  of  sub-carbonate  of 
potash,  but  it  appears  to  be  less  intimate :  its  .colour'is  grey 
or  green.     Sufphuret  of  potash,  is  inodorous  while  dry ; 
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ffot  when  moistened  or  disscdved,  acquires  a  fetid  6meIIy 

■ 

fitmi  the  production  of  sulphuretted  hydrogen.  It  is  fu- 
sible, and  when  exposed  to  a  strong  heat  in  dose  Tessek, 
a  portion  of  sulpbu^  is  sublimed  from  it.  From  suffering 
decomposition  when  in  a. state  of  solution,  it  is  scarcely 
poissrible  to  discover  preeisdiy  its  peculiar  agencies. . 

SuLPHURET  OF  SoDA  is  formed  by  the  same  proc&s  as 
sdpburet  of  potash,  and  is  similar  in  ^pearance. — ^SuL^ 
PHURET  OF  Ammonia  does  not  exist,  as  there  is  no  mode 
of  bringing  its  elements  to  act  on  each  other,  without  the 
production  of  sulphuretted  hydrogen. — Sulphuret  of 
Barytes  is  formed  by  exposing  sulphur  and  barytes  to  a 
red  heat  in  a  covered  crucible;  the  compound  has  a  red- 
disb-yellow  colour. — Sulphuret  of  Strontites  is  for- 
med by  a  similar  process,  as  is  also  the  Sulphuret  of 
Lime  ;  in  external  appearance  they  are  nearly  the  same. 


Sulphur  is  capable  of  combining  with  the  bases  of  the 
alkalii^  and  earths.  Mr  Davy  found  that  it  unites  with  po- 
tassium when  they  are  brought  into  contact,  in  tubes  fill- 
ed with  the  vapour  of  naphtha  ;  there  h  a  rapid  evolution 
pf  heat  and  light,  and  a  grey  substance  in  appearance  like 
artificial  sulphuret  of  iron  is  formed.  This  sulphuretted 
potassium  easily  inflames ;  it  is  sSso  oxygenated  from  ex- 
posure to  the  air,  and  converted  into  sulphate  of  potash. 
Sodium  and  sulphur  combine  i^ith  equal  facility,  intense 
heat  and  light  being  disengaged.  The  compound  is  of  a 
deep  grey  colour.,  The  phenomena  displayed  in  these 
combinations  are  similar  to  those  which  attend  the  eom« 
binations  of  sulphur  with  the  metals  $  and  the  compounds 
have  properties  similar  to  the  metalHc  sulphurets. 
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CHAR  ill. 


OF  CARBONIC  ACID,  ITS  BASS  AKD  THEIR 

COMBINATIONS. 


\    * 


Xn  tb&co]iabaBtion'6i  cbarooal  ap  abid  is  produced  ^^liich 
cxifltB  in  tba  afjial  form«  GhAix;oal  beki^  A  betero^i^eottfi 
siibalaiic^f  av-c^lainiiig^witli'ifts  ffiflaminaUrinalte^  gmafi 
p<»tjeBSiof  flflluie  and.ealcthjr.i^bstdnfia^^^^  tembot  Carbod 
was  introduced  to  denote  its  pur^  base,  alid  de  iadd.for^ 
iRed  !i»i  its  i  combustion  ^was*  hence  ndmed  Qirboniot  Acid. 
CarbdQj  laibi&.^nstt^  tterefi»rey  deisotes  hiereljrtiii&ifafltoii-*- 
maUer.mailteir?  of  d[iavd>M*  r.'If,  ms^/B&9!t\wdb  discoterod^ 
that  dieisiMneiaatler^^iittamffsfer  bcber'&ri^^  The  dla^^ 
mbnd^  idhiehi^waaknimii  :to  be  otaabustibtey  irieB  fbund  bjr 
Ijaroisi^,  ta  yield  carbooid:. add  &s  the  only  ^ensiUepro^ 
dult  of  ifis  cottibiis£k«,  and  hence  t^son^to  b^  z^sgu-ded  as 
pure  csrben.  And  the  mnetal  mfiditBrice  khown  by'HSia 
XMuneoPPliunbago  or  GmgihitlBy  was  Bltofoubdto  bechiet 
ty  c^rbcHi  iiiritb  a  stnall  portion  of  l^ran'*'.  lit  isinot'  certain 
hit  thatlahhrcDalf  e^en  ih  tfae.pisr^dt  state  in  wfai^h  H  can 
be  pneptoreA^:  conttf  ns  h^diiogen';  dtii  the  exiitende*  of  a 
ttiinute.pertrot»^ioxyg€9a  hm  been  sti{:^dsbi|l  in  diamond^ 
but  this  is  doubtful.  The  term  Carbon  is  understood  to 
doriote  t&e  piite  itiAai^mdble  base^  ofwiiicb  these  are  dif- 
iesxxii  fom^^  and  '  tvhicfii,  s^tiUrated  Witk  oxjgen^  &rlas 
<^bo>iii«^  acid.;.  This^  elehient .  issuBts  as  k  prll^cjupai  ingi%^ 
dimit  of  idl:^^itable  aiid  abiraal:  siifaatiRioiiib>  aM  is  4^f^tk^ 
<  .yoiiiv  -  r  '!/      :-^'}S^^.,  -  \\- '--^ 

•    i  ' 
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sivdy  distributed  in  the  mineral  kingdom :  Diamond,  as 
its  purest  form,  may  first  be  considered* 


SECT' l.-^Of  Diamond.  ,\     , 

The  Diamond,  the  gem  which,  from  its  lustre  and  hard- 
ness, is  of  greatest  value,  is  found  in  India  and  in  BraziL 
It  occurs  crystallized,  is  colourless  or  tinged  of  .Varibas 
shades,,  transparent,  and  has  a  laminated  stru^ure;  in. 
hardness  it  is  superior  to  every  other  substance^  its  specie 
fie  gravity  is  S.5*  '    .    i      , 

.  From:  its  high  refractive  power,.  Newton  co(B|)ectured 
diat  the  diamond  must  be  an  inflianmable  bodfi..  It  waa 
found  to  be  dissipated  when  placed  in  the  focus  of  a:pciwer<i 
fol  burning  mirror^  and  ^oi  in  the  heat^cited  in  a  fat^ 
nace.  |n  the  Jatter  mode  of  making  the  experiment,  its 
surface  was  observed  to  be  luminous ;  and  at  leiigtb  it  was 
ascertained,  that  at  a  temperature  sufficiaitiiy  elevated  it 
suffers  a  real  combustion.  Lavoisier^  making  experiments 
to  ascertajui  the  nature  of  the  product  of  its  combustion^ 
observed,  that  if  the  diamond  were  not  highly  heated,  its 
i^rface  became  covered  with  a  thin  coating  of  charcoal ; 
and  when  by  raising  the  heat  higher,  the  combustion  waa 
rendered  complete,  the  only  senidble  product  was  carbonic 
acid. 

Mr  Tennant,  having  burned  the  diamond  by  the  lud  of 
nitre  in- a  gold  tube,  concluded  from  the  product  of  car* 
bonic.  add,  that  the  quantity  afforded  by  a  given  wei^it 
of  diiUQond  is  the  same  as  is  afforded  by  the  same  weight 
of  charcoalf  and  hence  inferred,  that  the  diamoiul  differs 


\ 


r  -      . 

fhfta  di^coal  only  iit  the  state  of  aggrqgation-and  its  c^^- 
tdiizedfornv  Ouyton  advaiiiGecl  &  different  opfnioh.  Hi-- 
Ting  cauised  a  fragment  of  diamond  to  burn  in  pure  oxy- 
vgen  gasy  by  directing  on  its  snr&ce  the  solar  )rays concen- 
trated by  a  lens,  and  estknatmg,  at  the  ^d  of  the  eiperi- 
ment,  the  quantity  of  carbonic  acid  it  produced,  he  con- 
cluded  that  it  exceeded  considerably  the  quantity  that 
would  have  been  produced  from  the  consumption  of  the 
same  weight  of  charcoal,  100  parts  of  carbonic  acid  being 
obtained  from  the  disappearance  by  coniibustion  of  17.8* 
of  diamond,  while  the  same  quantity  is  formed  from  the 
eombustioh  of  28^  cf '  char^oall    He'  coachide<l^  'therefore, 
^t  liii&  d^renee  between  these  two  substances  is,  that 
the  diamond  is  the  pure  eaib6naceOus'base^  while  char- 
cod'cobfafiia  oxygen,  or  ii  an  oxide  of  carbon. '' 
'  The  iiiddie,  howeveriib  which  Gtiytion' estimated  die 
qaantity^  of  carbonic;  a<6ia,r.  was  hbt  free  from  cftjectiows; 
and  more  lately  lifcasi's  A^n'and -Ffepyi  tepe&tmg  the  ex- 
pmment  of  the  combastidh  of  the  diamond  aad  chafcoal 
irii^giai  ^s,  ?&utu}  tbat  the  proportions  of  bxygen  coit- 
sumed^'assd  of  carbonic  acid  formed  &om  ^qual^  weights  df 
each  are  ihoi^ame  y  wbenx:e  the  conclusion  ibllows,  that 
-Aeydifep  merely  in  aggf3gati6n  and  form.    They  diflfe: 
so  much  ki  profierties;  that  t)efhaps^  some  dotibt  may  still 
remaih  with  regard  t6  tibfecoTicfasion ; -but"  if  cither  of  them 
contain  any  clement  producing  a  difference  in  chemical 
edniltitiitfon^'this  seems.  n6t' appreciable  by  experiment. 

;The  diamond  requires'  a  high  tonperature  to  cause  it  to 
bum,  and,  even  when  kindled  in  oxygen  gas,  does  not 
evohti  jKx  much  caloric  as ;  to  Support  the  necessary  heat. 
Its  stirfatee  i»  Uackei^  if  the  heat  is  iiot  siifficientty  high, 
and  the  iHumination  becomes  bri^te'r  as  it  is  raised.^ 
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The  diamond  is  scarcely  acted:  oa  hf  any  odier  agent 
By  su^bttric  add  bealed  cm  it,  it  appears  to  be  cbanred  ^ 
.tbe  othar  adds  do  not  affect  it*  an  inertness  ^identjj  ow- 
ing to  its  state  of  aggregation.  It  is  a  nQh<Kxmductor  of 
,  a  proper^  in  wUch  it  di£R»rs  front  dtascoaL 


•    •. 


0 

Sect.  IL-^Qf  IHnmifagOf  4i^* 


e  • 


Flumbam  ot  Chraphfte  h  a  nmieril  {Mfoductiois*  fia  fe^ 
ktion  to  carbonaceous  matter^  and  at  Ifae  sithe  iiiae  tbe 
^Stenoe  of  iron  in  it,  wer^  first  obserycti  \iy  Schneie;  aiid 
from  subsequent,  exp^mei^  by  Pelletier  and  Iffonge^  it 
was.iqferred  to  be  li  colnptand^of.carbosi  said  inoDr  ton- 
taiaing  from  5  to  IQ  of  iron  in  100  p^rts^  with  .which  are 
also  freqtteniiy  n^E^d  o|r  comlteed  poiefions  of  argil  and 
silex,  CKiyioti  supposed,  tbat  it  coosmnes'flioxteoxygrai  in 
its  combustic^  tban  cbarooali  aiKi  tbat,  iliaicfoi^^  thiogh 
an  oxide  of  carbon^  it  approacjised:  neareir  to  tim  pure  in- 
flamma/bfe  base*  Mes«%  Allen  and  P^ys  feund,  however^ 
diait  the  caVbonaceoos  matter  of  it  condiimesthe  ssti^  qnan- 
tity  of  oxjgeti)  and  affords  the  same  quantity  of  carbonic 
acid  as  charcoal.  Its  carbonaceous  base  gives  no  in£x»- 
tion  of  beiiig  combuied  with  tiay  portion  of  hydrogen.  It 
so  far  approach^  in  chemical  characters  to  thediamondas 
to  be  little  acted  on  by  any  chemical  agent^  and  to  be  so  im« 
perlSectly  combustible  as  to  require  a  very  efevated  tempe- 
jratdur,  and  the  conthmed  apfdicaticm  of  extermd  heat  to 
lian^e  it  to  bum.  As  a  compound  of  iron  and  carbon  it  is 
to  be  afterwards  noticed* 
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Hie  substance  named  Mineral  Carboa,  InemibmtiUe 
Coalt  or  Amhitu^ite^  appears,*  so  far  as  regards  its  isarboDa* 
«eous  matter,  to  be  ia  a  Bimilw  state.  Ildiftin<hiiii<Mi>e» 
ooak  ixL  qeatainitig  no  Ibitiimei^  }  vaoA  k  is  less  coiobQsltii>le5 
burning  xMily  at  an  elevated  temperature,  and  scairodjr 
evolfuag  sp  mncfa  heat  as  is  suffidehtto  sustain  its  coi^ 
bastion.  With  carbonaceous  cnatter  it  eontaina  porticrtis 
of  silex,  argil,  and  iron*  Guy  ton  had  suj^sed  it  to  be 
an  oxi^  of  eavbon  at  a  lower  degree  of  oKidation  than 
oonunon  charcoal  $  but  AUen  and  JPepys  femd  thui  it  eon- 
aumsf  in^  bamhig  the  same  quantity  of  o^gen,  imd  fi^ds 
the  samequMti^  dT  carbonic  acid  i  its  inferior  combusti* 
bili(y(  <is  probably;  owing  to  its  state,  of  i^regation.     ' 


Sect.  III. — (}f  Charcoal. 

Chaecoal  is  obtained  from  the  imperfect  combustion 
of  wood  'f.  the  wood  cut  into  billets  being  reared  in  a  pll6 
which  is  covered  with  earth  or  turf,  apertures  being  left 
to  £<igulate  the  circulation  of  air,  by  w)iich  the  combuSi- 
tion,.  when  the  wood  i^  kindled,  is  supported.  This  com* 
.  bustion  is  carried  on  as  slowly  as  posdUe;  the  oxygen 
nnd  hydrogen,  with  a  portion  of  the  oafbon  of  tibe  wood 
form  elastic  products,  which  are  disengaged  $  and  there 
m^nains  the  black  porous  substance  which  forms. ccmimon 
diarcoal,  retaining  frequently  the  figure  and  texture  of  the 
wood.  To  prepare  it  thoroughly,  it  requires  to  be  expo* 
sed  to  a  red  heat  with  the  exclusion  of  the  air  :  this  is  done 
by  covering  it  with  sand.  By  the  same  method,  weU  pre* 
pared  charcoid  may  at  once  be  obtained  from  wood,  ji 
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heal  snfficieiidy.  intense  having  been  iqpfdied.  Cbaicoal 
h^dsQ  deposit^  in  the  state  of  a  fine  powd^,  wlien  altao- 
hoi  or  (h1  is  trtti9nii^ted  tfaroogh  an  ignited  tube. 

From  the  nature  of  the  process^,  l^  which  coounon  char«^ 
ooid  is  formed,  it  is  obvioos  that  thece  must  exist  in  it  any 
matter  not  volatile  which  enter^  into  the  campookioo  of 
the  wood  i  and  accordingly  it  always  contains  portions  of 
saline  and  eartlgr  matter,  chiefly  oacbonates  of  potaA  mad 
lime,  widi  a  little  oxide  of  icon.  But  diese  are  present  in 
comparatively  minute  quantities,  and  do  not  appear  to 
modify  its  prcqperties.  Apart  from  these  charcoal  was  re- 
garded as  pure  carbon.  Guyton,  as  has  been  already  st»> 
ted,  supposed  it  to  be  an  oxide  of  carbon ;  while  ABenand* 
Fepys,  finding  that  it  consumes  ^he  same  quantity  of  oxy« 
gen,  and  forms  the  same  quantity  of  carbonic  add,  esta-t 
blished  the  former  opinio^* 

There  are  some  fects,  however,  which  sppport  an  opinion 
advanced  by  Bcrtludlet,  that  charcoal  contains  hydrogen. 
}t  has  been  observed,  thai  wh^n  :cba^coal  is  burnt  in  oxy- 
gen gas  a  sensible  quantity  of  water  is  deposited  \  when  it 
is  urged  with  a  strong  red  heat,  a  quantity  of  elastic  {itiid 
is  given  out,  composed  of  carbon^  and  hydrogen  ;  and  what 
heated  with  sulphur,  su^huretted  hydrogen,  or  supor-sul* 
phuretted  bydrog^i  is  disengaged* 

X£y  charcoal  is  not  thoroughly  calcined,  a  portion  of  the 
hydrogen  of 'the  vegetable  matter  may  no  doubjt  exist  iu 
it.  It  appe^iTS  too,  .that  charcoal  imbibes  humidity  very 
rapidly,  absorbii^g  it  even  from  the  air,  and  this  may  some* 
times  be  the  source  of  thehydroglm  which  appears.  Th^ 
question  is,  whether,  independent  qf  these  sources  of  fiiUa* 
cy>  there  is  any  reason  to  poncjud^  that  hydrogeti  exists  ii^ 
fiJuprcoal;  in  other  words,  whedter  in  perfectly  caiciiied 
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dbaBQMl  ttSky  pcntipn  of  this  elem^t  can  tise  detected, 
Tte  dc^exbtination  is  dtffieolt.  lite  fact  itiet  thequantitjr 
of  dastie  ftuid  idenliaining  hydrogen  espied  HEn^mGhar'*' 
eottl  by  faeat^diitiiAtftheft&i^^theiheatife  raised^  iftfavQUrftMe  to^ 
thecondusion'  that  it  knot  an  esiM^stial  ingre^enCy  and  that 
if  theJieat  be ramd^miffideBtly  fa^h  it  will  be^enlirely  te« 
pelled }  «ad  thea-esuh  vpytateskdy  «^aUiftbed^*tl»it  tiie  Mume 
qiiaiH»tjref  earbbnie^usM'iii  prod^eed•ift  barning  irosawett 
oaldaed  «|iai'Qoa^  as  from  diainohd,  and  the  i^aie  quantity 
o£  oa^^gffiA  ceattmnedf  seeow  t<^  prove  tlmt  iio  hydrogen  is 
piea^t  in;  the  .fomter. .  StiU  if  the  qiiimtity  of  bydfogai^ 
]»  saadl^ihe: water  whidi  it  wiU&»'ai  may.escitt  in  the 
dasdefiirw'cbniyhed  with  the.  carboaicaeid,  and  add  w 
far  to  it& tdame,  as  that  this  shall  appear  equal  to^ie  v6- 
laflie  off  carbonic  acid  p^bduoed  from  the*  combdition  cf 
the  same  weight  bf  diamond,  though  tlm  emtain  no  hy. 
dcogen«  Berthollet  has  affirmed,  that  when  charcoal,  which 
has  bead  calcined  by  the  most  intenBebeat,  is  burnt  in  0x3^ 
gen  gas,  or  heated  with  oxide  of  mercnry,  a  few  drops  of 
water  appear  at;  the  bcginnii^  of  lifa@4iperation,  which  the 
carbolnc  aeid  gas  aft^wards  disiolves.  Cyeined  charcoal 
tc>%'C(myert8  at  first  bxymuriatie  gas  into  muriadc  acid-gaSf 
a  change  which  requirjes  die  presence  othy^^m.  On  con** 
tinning,  however^  the  transBEnsaion  of  oxymnriatic  gas,  this 
effect  ceases,  and  the  charccml  in  dus  state  does  not  BpptL' 
HentJy  acquire  any  new  pniqfmrties.  Hie  most  probable 
conclusion,  therefore^  oia  the  whole,  is,  that  Charcot  after 
€9^pos|ire  to  an  intense  heat  retains  only  a  v^  mknxte 
^rtion  of  hydrogen,  imd  diat  that  dement  is  not  essential 
to  its  constitiltion. 

Charcoal  well  prepared  is  iMsttfe  and  potous^  tasteless 
and  Qiodomus*    It  is  infu«31de  in  any  heat  a  fur&aoedin 


/. 
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rMe  I  itet  1^  I^Q  illteiise  h^  of  a  ¥^  fKmoAl  grif^^ 
ifjpil«r^tas»::4t is.Jb^ckn^dft  and Mlmgth  » TcdatSbedt  tat 
in^tiqu^..M9^it9peiO'riu)^oC  fii«ioo«<  III  ill  ixwmmx  skaltt- 
U^e».mW  '.i9Kbw  expoMd  in  dbAB  veMds  to  aheot  abwe 
f9<jbie9%  wjeUiticfltiidy  oaomliBg  prinGiqpa%  (tf  )i  wm^ 
of  carbuTfiUfid  bydrog^ ;  this  diwiaidw*  aa  tha  beak  is 
rai^i  laad.at  Imgih  the  {^lodoction  of  i&  oeaio^  Baft 
cvaa  wbw  U.ba»  baea  bioagbt  toibte  statef  a'povdoctof 
gaB  is  e^p^^  )iy  db«  more  intense  beat  trbkh  g^inaasm 
^xcil^  Thia  evolution  of  aiQrUbrm.mal&erkio  be-aaoibv 
^  par^jftto  tbe  expnlsioii  of  iijdrogeD:origiBaIl]r.  contain^- 
^'  in  tbe  vegetable  mattec^  from  tvbicbtfae.isharooai  is 
pjiDepared).  9nd  partly  to  tbe  .decomposition  of  walsit  idiicb 
^  tb^.  cblV'CQal  had  imbib^  andaccoxdiogfypart  of  it  is  cacW 
^nic  acidf .  or.  oarboaic  oxide.  Tbese  ■•  are  •  moret^iudaiit 
in  tb^%^  porti(»^  a  proof  Jbat  the  oxygen  is  mom  esai^ 
^.€¥p«Ued  than  the  bydrpgen.  By  tibia  high  degree  of 
calcination  the^  qbarcoal  ]sxendered*a  better  eleetriedl  can* 
duot^r. 

.  .iPbarcoal  is  insolable  in  watet^  and-  i&  not  affected  by  it 
at  low  temperatures.  It.ahsorbs  a  small  portk>n  of  Jl^  and 
b^nce^  in  OQ(^ingi  it  imUbea  it  .from  the  atmoq^re  so  as 
S^^iUy*  to  in^^rease  in  waigbt;'  At-  the  temperature  ^  ig» 
X^tio\i  it  decooqaoses  .^water)  the^fiiodacts  being  carbonic 
a(jd'.gas  and  a  variety  of  carfaaretted^hi^rogen  gas. 
•  .  A  >sin|[ular  property  .faaboging  to  charcoal,  is  that  o£ 
sjblorbiiQg.  ibe  i]tb&i«int  .aariaLflaiib  in  considerable  qoan** 
ti^  Witfioai  forming  wilhibela  atiy^iatifData combination. 
If  tb#  tchiupcoali  whe]k.ignited>Js. allowed  to  cool  witfaont 
exposure  to  the  atmosphere,  on  exposing'to  it  any  gas  the 
absoipfca)]^  tabes^  flkcey.md  exceeds  many  times  the  vo- 
Inme  of  Aie  cfaaifioal  The  extent  of  it  is  diffei^nt  with  dif- 


HfiiflMid^i«l  iMilB  I  (Sarbomc  «6id>  muriatic  Midt^  and^aoiH 
sMimi  fti'e  Jai^fi^  dbsarbed*  while  oxygW)  mtfogen,  asid 
bydrogen^  nm  «ii»«Hfb^  mpre  spm'mgly,  Th#«caidaised[ 
gas  in  gepfaral  .9Hffi^9  do' chewiicAl^  change^  and  llie  great* 
er  pai^  of  H^i^  «(^}aiiSt  ^exp^Ued  by  ^  haat  inferior  to  that  of 
boifog  vatori  and  al«a .  to  a  eartain  eYtent-by  immersicm 
lA' Urates;.; :  Naitber  is  tfai^  any  appamM;  alteration  in  the 
praperaea  of.  the  iohai«q|)iU  UiM  thaf^ere  a  tneduuiksBl 
condamationy,  prodi|ced>i'probably>  h^metisfr  by  a  o^:tam 
attoaiatkA  ^iierted  by  the  cacbanaoabus  matiei*  to  &»  aerid 
Awfif. ...  In  mn^  ^m99^  too*  oH^e  latimata , etmlnBalaoii 
or  ■  fieciM)ip0»it{i;>n  rtakea  pkoa  I  .oi[ygan  io.iem} verted  im 
tQ^cmkumh  ACid)  aiul  imlpbitrett^  hydrogen^  aoeordii^ 
t»  !]?Wnatdi  dopaaitea  sulphur,  die  teas^peroture  beccnnhig 
at .  the  taama:  lime  greaUy  iE^levaled.  Two  gaaes  thus  con« 
dans^i^^th^poras ef  tbe^ obaraoal thava  abobe^ feuod 
tp,i»mbin^l$'0^|^n  and  bydcogen  wben  abeorbed  t6^ 
'gad»af#  bv;issmop]09  Iorqiii^  water»  and  this baiiig  accom* 
panied  with  a  sensible  tlevsitjibfn  of  ten^ratnre.     . 

Wh«6i[  tbfi'aation)<:f>ox}^gen  ud  of  hydvogen-^gasea  is 
fatourfed  b}'  bi^dily,  they  appear  to  dissolte  staaH  pov« 
tima  4fS  cbarepal  at  eommon .  tem^aturas.  At  the  tern^^ 
p^riwkare  of  ignition,  they  farm  with  it  iiittmata  combijiA^ 
tione^  V  In  burnings  ahareald.  x^nAnaas  9iilk*Mygeh  gas, 
i((Wonng  earbbnic  acid :  with  a  lower  proportion  of  oaeygm 
it  fom)»  <:airi)oiuc  oxide.  1&  faydrogep  gaa.  be  passed  over 
charcoal  4n  an  ignited  tube^r  .an  elastic^flnid  formed  from 
their  conibioalioii  js  obtained.  Nitrogen  does  not  unite 
.with  it.  It  forms  combinations  wiUi  sulphur,  dtber  alone 
or  with  hydrogen,  as  has  been  already  noticed. 

The  alkalis  scarcely  sensibly  dissolve  charcoal  when  it  is 
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pure,  tboogh  in  iu  comnum  itate  they  reoeive  firom  k  a 
dark  brown  colour.  It  decomposes  a  number  of  the  adds 
by  abstracting  their  oxygen,  some  mStrmg  this  decoropo* 
sition  at^a  low,  others  only  at  a  high  teroperatore. 

One  singular  property,  undoubtedly  chemical,  belongs 
ing  to  charcoal,  remains  to  be  stated :  it  is  that  ixf  remo-* 
ving  the  odour,  taste,  and  cdoar  of  a  number  of  vegetsUa 
and  animal  substances,  when  triturated  or  digested  witk 
thein  by  the  medium  of  water.  Tbus^  all  sdine  substan- 
ces, which,  fnna  the  adherence  of  vegetable  or  animal  es« 
tractive  mattery  are  of  a-  brown  colour,  may,  after  this  pro* 
cess,  be  obtained  white  by  a  se<ond  crystallization.  Re* 
sins,  gum*resins,  bakaras,  and  essential  oils,  evoi  those 
that  have  the  strongest  smell,  are  rendered  nearly  inodor- 
ous when  they,  are  rubbed  with  charcoal  and  water,  or 
when  solutions  of  them  in^  alcohol  are  macerated  with  the 
charaoal,  or  fikrateci  repeatedly  through  it,  and  a  number 
of.  the  t^etaUe  tinctures  and  infusions  lose  their  colour^ 
smell,  and  much,  of  their  taste^  by  the  same  process.  It  is. 
from  this  agency  that  charcoal  powder  removes  the  ofibi- 
jive  smell  and  taste  which  water,  acquires  from  keefHng  in 
wooden*  casks,  and  that  it  obviates  even  the  putresoence  of 
animal  matter.  To  produce  these  effects,  it  is  necessary 
that  the  charcoal  aboald  have  been  well  calcined  and  aew«- 
ly  prepared,  or  at  least  should  not  have  been  long  exposed 
to  the  air.  A  certain  quantity  too  is  necessary,  more  or 
less,  according  to  the  effi^t  required*  It  is  not  very  obvi- 
ous by  what  kind  of  agency  the  charcoal  produces  these, 
effects. 
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This  is  the«Fixed  Air  cf  Br  Black,  the  first  of  the  a^ri> 
fintn  ihiids  which  was  submiitcd' to  accurate  examination. 
He  investigated  a  iauihb«r  of  its  pn^rties,  and  the  cban^ 
ges  it  produees  in  chetnica]  co&ibinations,  particularly  with 
die  dUealis  aad  earths.  BeWjjr  and  Bergman  discovered 
its  acki  powers^  whicb^  from  being  comparatively  weak^ 
bad  escaped  Dr  Black's  observation. 

Though,  thia  aoid  is  produced  without  difficulty  by  die 
combination  of  its  constituent  prindples,  it  is  usually  ob« 
tained  by  other  processes.  It  exists,  combined  with  ]ine» 
in  the  diluent  varieties  of  limestone,  marble,  and  chalk  ; 
if  any  of  these  be  exposed  to  a  Strang  red  beat,  the  affiiii« 
^  of  the  acid  tp  -  the  lime  is  so  fiir  weakened,  tibat  it  aa* 
aum^s  &e  elastic  form.  Or,  M  the  affinity  of  another-  acid 
to  the  lime  is  intvodsioed,  the.saais  result  i&obtained  vilbo 
out  applying  h^eat*  Into  a  bottle  fitted  with  a  bent- tubcf 
small  fragmentsof  chalk' or  ma^hie  are  put,  aod  to.this  di- 
luted muriatie  acid  is  fiddedj  a  siroiig  efifervesoence  is  im^ 
mediatdiy  excited-  from  the  dis^gagemeat  06  the  carbonic 
9ci^  gas,  tbe  mujtiatic  acid  combining  with  the  lima:  the 
gas  may  be  coUected  o^er  water,  by  which  it  is  not  imnK^> 
diately  absorbed  in  any  considerable  quanti^. 

The  experiment, of  the  formation  of  this  aoid,  by  the 
combination  of  its;  principle's,  is  of  importance,  as  det^- 
mining  the  proportions  in  which  they  are  combined.  La- 
voisier, in  performing  this  experiment  by  burning  char- 
|3oal  in  oxygen  'gas,  the  charcoal  having  been  pre\dousIy 
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Uioro^Uy  ignited  to  amid  as  modk  «8  potsiUe  any  error 
from  the  production  of  water,  fixed  the  proportions  $ff^ 
mean  at  28  of  charcoal  and  72  of  oxjgm ;  and  with  (his 
tba  results  of  the.  experioientB  of  Oemeol  and  Besonnesy 
and  more  lately  of  Allen  and  Pepys,  exactly  i^ee,  the^ 
proportions  assigned  by  both  being  3fiU6  of  carbon  and  ' 
riA  of  oxygen.  T.  Saussme  has  fixed  ibm  at  27.1 1  and 
72^9 ;  and  these  agree  ifiib  an  eitimito  obtauied  in  aiH 
oiber  way»  founded  on.  th^facUbwhicbis  .experimentally  pro* 
iiedf  that  oxygeii  gas  in  oorabining  with  carbon  iBui^  no 
change  of  volume^  so  that  the  increa^d  density  of  tbe  caibo^ 
nic  acid  gas>  or»  in  other  wdrds»  the  difierence'of  speeife 
gravity  between  it  and  the  oxygen  gas,  shews  the  qoxatitj 
of  foarbon  with  which  the  4»^ygen  is  combined*         i 

The  coinppsidon  of  carbonic  add  has  been  estahfiAed 
1^  its  analysis*    Tins  is  effected  i^  a  ooncurrence  of  sflS^ 
nities :  a  few  pieces  of  phosphoms  are  pot  at  the  bottomr 
of  a  coated  glass  tube,  and  over  this  is  pot  a  quantity  of 
•marble  (carbonate of  fime)  in  poiMier^  orf  what  renders  th^ 
eiqiieriment  more  easy  of  execntion^  carbonate  of  potadi  or 
anAif  dried.    Ihepartof  the  tuba  contaimng  the  carbo- 
nate as.raisedtaa  red  heat ;.  and  the  photphctfus  being  r»- 
lotiliaed  passes  over  the  iggited  isatbonate,  and  decompo* 
ses  the  carbonio  add,'  by  attracting  ite  oxygen :  phospho- 
ric .acid  is  thus  formed,  which  unites  with  the  atkali,  and 
tbe  carbonaceous  base  of  the  acid  r&nains  dilRised  iferda^ 
the  mass  in  the  state  of  charcoal.     The  decomposition  is 
probably' produced  by  the  joint  affinities  of  the  phospho- 
rus, and  the  alkaline  or  earthy  base  with  w^iich  the  carbo- 
nic  acid  is  united  to  its  oxygen,  aided  by  the  state  of  con- 
densation of  the  acid,  or  to  its  being  act«d  on  in  fi  nascent 
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^ate  80  difldng&ged  by  itke  beat.-  Potamami  l»0m'llie 
^tresglh  bfitsliffiiiity  to  oxy^nr<decoin{io8es  ttttbbkic  a^fl 
wiA  fecilily^  bamiBg  in  tbe  goi^'  mid  pf^c^mtifig  Cbfti^* 
ct>al.  And  4r  paftkl-  abfitmeticm  of  its'  oxygeil  i&  ere^i  et 
4ected  by  80iDe:;of  tbe  ixDitoit,  ine  i^on  or  ssifl[c/at^<li%^^ 
t^nperature.  Potasskiin  hi'  te  action  on  ih^  dry  gtfs 
€)tli6e»iMi:eirfliatioii  of  hydr<^en;  atidfh>m  thi«^atit^  deme 
dttierfiiets,  pafticukfiy  ittt  ^rodtictJon  by  th^  «dmbtii€ioii 
ofidry  cbaln:oidittioxygwgB%  ^carboid^ddd  bairblfen  $n- 
ferired  toiQoiitftfti  ab  eombin^inrttcer:  hxtt  the  )>iic^  of  thfc 
«re  Qotaitogetigcr  coiicI«»t?es  and  analogy  woaki  kad  iven 
40i.jfte<opp<mtteconcIiMiob^'thoiigb'£rofn  its  evident  itlfbi^ior 
Mttmiabn.to^vitterv  tbe  prDportioti  tttay  be  ooni^atativ^ 

Carbcmic  actd'kas  a  ^onddertible  $p€!(Atic  gravity*;  it  ts 
eolDfmted  wkhMmospberic'iif  ias l«5l9  to  l.OOOy.df'i^'dhb 
jhdKiimfcicr)  lOdeobicinnbeawdgli  47  graifis ;  it  isinodoi^ 
o^  hn^ta^pwtigeitt  tottei  il'proyefi  etninently  ftitlil  t6  lii^, 
vMAiriuial  iiranieraBd  in  it  being  4i^inediately  kt^led^  &M 
•Yto  ^hcnidUatediK^ith  two'  or  tfarse  plaits  of  atiiio^h^b^ 
atr,  it  exerte  tttddctericiiitf  {idw^;  <  ' ' 

'  C^oibonic  flsidiis  its  dnrtic  form  is  Absorbed  ^byVater; 
^tbe^^ watery  lat  a  mean  lUmosph^tc  pressnre  and  teM|>ent*- 
tw:e,/alMOKfaiig  acairiy  ite  tnhx  t^me.  •  The'dbsdifrfibh^is 
plroiMted  b)!f«gitaliim/«nd  tb«  Quantity  absbf bed' iir  iri^ 
eteased  fay  cold,  or  by  a»gmd»ted  preisirre.  'T^  watef^ 
when!  Ui^y  impregnated  wkh  it^  -sparkled  when  shaken^ 
«ftd  h»4i pangcntl  taste  ^tbe  gas  escaped  o«l  expostire  t6 
llie  Atme^rfwre :  it  ir  entirely^  expdied  by  boiling,  and  is 
disengaged  by  ireedngr" . 

The  acidity  of  carbonic  acid  is  weak.    Its  taste  is  scartet 
ly  pqrceptiUy  sonr,  ehb^  in  its  elastic  or  liquid  form  ^  il 


4f1f6 


o?  cARBomc  Acm. 


reddens,  however,  the  mor^  delicate  vqgetaUe^  ^colours,  l» 
that  cS*  Utmys ;  and  tfaoo^  it  adheres  with  litde  force  to 
the  base9  with  which  it  ^robiiies,  this  is  owing  in  part  to 
its  greater  tendency  to  pass  into  the  eiasticstate ;  judging 
from  its  powers  of  saturation,  itimay^even  he  regarded  as 
superior  in  acidity  to  a  nmiiber  of  the  acids.       ^ 

It  eorobinos  with  the  alkdSs,  earths,  and  metallic  oxides, 
forming  salts  denominated  Carbonates.  In  these  comfai* 
nations  with  the  alkaUSi' is  displayed  the  |>eealiarity,  that 
the  alkaline  properties  are  rather  impaired  than  neutrah^ 
ed ;  it  is  at  least  difficnlt  to  establish  netitridtiiation,  and 
the  compounds,  even  when  (ibtainied  of  Bnifonn  compo^ 
tionby  crystallkation,  retain  toa  certcnn  ext^itthe^alks^- 
line  properties ;  they  have  the  alkaline  taste,  change  to  a 
green  the  vegetable  colours,  and  eomlnne  with*  t^  so  afe  to 
form  soaps*..  The  alkalis  in  this  state  were  th^dbrelbf^ 
merly  regarded  not  as  existing  in  any  state  ol  combin&tton,- 
but  were  supposed  to  be  in  iheit  poreit'ifonn;  thcr^  were 
named  Mild  Alkalis,  to  distinguish  them  from  wrhat  W^re 
named  paustic  Alkalis^  which  were  supposed 'to  be  kss 
pure.  Dr  Black  shewed^  that  the  mildness,  '^as  it  was 
named,  is  owing  to  the  presence  of  carbonic  add  ;  and 
Bergman  proved,  thjat  the  mild  alkalis  are^^to  be  r^arded 
as  compound  salts*  .  They  genecaliy  foitn,  hc^ever,  with 
an  excess  of  base,  and  k  is  not  very  certain  if  they  catt  be 
obtained  otherwise,  at  lea^  in  a  crystallized  state;  ^  The 
prq>erty  by  which  they  are  peenUarly  distingoisbed,  »that 
of  effervescing  sti»»ngly  on  the  addition  of  any  add,  the  car- 
bonic acid  being  disengaged,  and«ssumibg  the  elastic  form. 
They  are  also  easily  decomposed,  at  least  partinliy,  by  heat, 
the  carbonic  acid  being  expelled.  In  the  earthy  carbo- 
nates^ however,  it  is  retained  with  more  force,  ahd  require^ 
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a  YDiuch  higher  ^heat.  Ttke  law  has  been  already  fiMed 
which  esists  with  regard  to  the  ^ktion  between  the^carbcN 
naieft  and  the  sttb^carbonate«,  that  the  proportioa  of  acid 
itilh8fi>rtQeriiju«t  double  of  whatit  is  in  .the  lattcfr.  There 
liT  no  Sttffioientirea&on.  to  ctHidade)  faoranever^  that  the  com* 
.  bination  is  restritted  to  theie  two  pzoportioha.    j 

'  S^B^eAHBOKATS  oF'PoTASiE^-^It  18  Under  th&Formaf 
tUs^  salt  ti|at  potadiMis  afforded  in  die;  processes  by  .whkh 
it'  isiisuaUyiobtained^  jB  in  tfaeJnciQeralidn  of  th&woodx^ 
plants. ,  it  dnerefore  finins  the;  base  of  the  potash  tor  pearlr 
adi  of  odmnieDte^  wbi<^  alsa  contains^  howevc;r>  other  sa- 
finesubstmicesi, particularly,  si^ipbate  and 'muriate  of  pota$h» 
and  ei»tlijii'asKl^me%al]iciDatter;  I^x)fn  diese  it:is  in  part 
freed,  bjf'dissolving  the  pearl-ash  in  an  eqoal.weight  of  warm 
water ;  the  foreign  substances  being  sparingly  soluhk)  r^^ 
mom  in  a  great  measure  uadissohred ;.  the' dear-  iiq^ior  is 
pcMired  <iSf  and  is  evaporated  until  a  pellicle^  appear  on  itk 
9Hr&ce;  on  cooling  and  remflSntng  at  rest  for  a  &w  hours,. 
It  deposites  a'littkf' muriate  of  pot^h,;.  and  being  poured 
off  from  this  and  evaporated,  the  sub«carbonate  is  obtain-' 
td.  <  Other  processes  have  been  employed  to  procure  it, 
s6ch  as  buriiing. tartar  at  a  red  he£^  :  this  substance  com-. 
siiiCB  of  potasfa^oombin^  with  tartaric  acid^ — «a  Vegetable 
add  having  a  eooipound  base^bf  carbon  and  hydrogen,  and 
whklH  >therefoi;e,'when  decomposed  i>y  heat,  affords  car- 
bonic add,  w^  which  the  'potasfa  combines.  By  defla*- 
grating  tai:tar  with  nitre,  a  similar  product  is  formed,  and* 
alsO'bjr  deflagrating  nitre  with  charcoal,  the  charqoal  be« 
ing  converted  into  carbonic  acid  by,  the  oxygen  afibrded 
by  the  decomposition  of  the  nitric  acid,  and  the  carbonic 
acid  combihii^  with  the  potash,  which  is  the  base  of  the 
JOitre,    Asb  obtained  by  these  processes,  the  sub-carbonate 
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of  potash  is  even  purer  than  in  die  sti^ili  whidi  it  i§  prc^* 
cured  irdia  the  pearlrajsh  of  commerce^ 

Sub<^»rbonate  of  ^taih,  obtained  in  a  ecHiorete  st^ 
by  evapomtbn,  is  in  the  form  of  coarae:graiii9«  aa  it  in  not 
susceptible  of  regohu:  crystailization.  From.the  excess:  of 
alkali  it  contfdns,  it  is  detiquescent ;.  if  e^i^poeed  to  the  air 
it  soon  atlxacts  as  much  waler  as  dissolves  it*  Its  tasle  is 
acrid;  it  chauges  the  vcgHaUeooIduf8t&|3 'greeny  and 
eombines  with  oik»  fmrming  a  saposadeous  ctenpound.  .  Jt 
is  decomposed  by  the  acids ;  its  carbonic  add  being  disen* 
gaged  with  efiervescence.  A  consideraUeportiony  hat 
not  the  whole  of  its  acid,  isc  expelled  by  a  stroi^  red  faeat«  S; 
consists  of  about  60  of.  alkali>  28  or  SO  of  carboDie  atid^ 
and  6  of  water,  with  a  little-  siEceous  earth)  solgh^te  of 
potash^  and  argil. 

Carbon ATk  of  I'otash  may  be  obtained  by  exposing 
the  solution  of  the  sub-carbonate  to  the  aur  for  ^can^  time, 
carbonic  acid  being  imbibed  from  the  atinosphere, .  lind 
crystals  of  the  tieutral  carbonate  being  dt^wsited.  Or  it  ta 
formed  more  directly  by  passing  a  current  o£  cs^bonic  add 
gas  through  a  solution  of  the^  sub-carbonate-^of  rslich  a 
strength  that  crystals  form  ^ontaneously*  HieJ  crystals 
are  bevelled  quadrangtdar  prisms  $  tUey  do  i hot,*  like  the 
sub-carbonate,  ddiquesce.  They:  teqniiv^  at  a  mean  ^tem- 
perature^  fyuv  parts  c^  water  for  their  sokitioWandf|iroddbe^ 
while  dissolving,  a  degree  of  cold.  They  :are  mtick  more: 
soluble  in  hot  watei^,  the  water  taking  np[  even  4^s  cf.its 
weight;  but  if  the  tempei*ature  be  that  6(  boiHn^  watiaf, 
part  of  the  carbonic  acid  assumes  the  elaistic  state^  and' 
rises  through  the  liquQr.  The  t^t^  of  this  cryst^ized'salt' 
is  more  mild  than  that  of  the  sub-c^rbiinatQ.^  though  st]9' 
alkaline  it  has  no  causticityi  but'  it  unites  With  dils,  aild 
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changes  the  vegetable  colours  io  a  green :  it  can  scartidy 
'  therefore  be  r^arded  as  the  neutral  carbonate.  It  con^ 
sists^  according  to  its  analysis  by  Pelletier,  of  40  of  potash^ 
4S  of  carbonic  acid,  and  17  of  water.  It  is  little  used  but 
for  some  m^icinalpurpc^eSy  but  the  dub^carbonate  in  the 
state  of  the  potash  and  pearl-a^  of  conimeree  is  applied  tti 
many  uses  In  the  arts,  principally  from  the  alkali  it  con^ 
tains^ 

Potash  is  capable  of  comjbining  with'a.less  portion  of 
carbonic  acid^  but  still  so  as  to  form  a  crystallizable  salt. 
It  is  also  super-saturated  by  dissolving  the  sub-carbonate 
in  water,  (one  ounce  in  ten  pounds),  and  by  the  assistatied 
oi  coki  and  pressure  impregnating  the  solution  strongly 
.  witb  crbonic  add  gas ;  the  liquof,  wh«n  a  saffident  quan- 
tity  of  carbcmic  add  has  been  combined  in  il,  is  pleasantly 
acidulous,  with  solne  pungency,  and  the  nU^ali  thus  super* 
saturated  piioves  less  irritating  to  the  stomach  than  in  aany 
other  state. 

Cahbonate.  of  Soda.'— The  salt  which  Usually  receives 
this  name  is  in  strictness  of  nomenclature  a  sub-carbonate, 
for  its  taste  is  alkaline^  and  it  changes  the  vegetable  co- 
lours to  a  green*  It  is  extracted  irom  the  saline  matter 
obt&ined  by  the  conibustion  of  marin^  plaints,  the  bariOa 
of  comnieriSe^*  the  purer  kinds  of  barilla  beuig  hxiviated 
with  waitn  wdter,  and  the  solution  being  evaporated^  so 
thai  on  cooling  it  shall  crystallize*  The  crystals  are  octOi^ 
hedrpns ;  they  are  efflorescent^  so  as  in  a  dry  atmosphere 
to  be  soon  reduced  to  a  powder.  They  require,-  at  a  Ine- 
dmm^  temperature^  twice  their  weight  of  water  for  solution^ 
md  are  more  abundantly  soluble  in  hot  water,  the  satnra** 
ted.sdiiibn  crystatSzing  on  cooling.  Esfmsed  to  heat, 
they  suffer  the  watery  fusion  fircmi  the  action  of  a  large 
VOL.  I.  2  t 
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quantity  of  water  of  crystalliaation ;  as  thia  is  dissipated, 
the  salt  appears  as  a  dry  white  powder,  wbieh  by  an  in- 
crease of  heat  may  be  fused  and  partially  decomposed. 
The  pn^rtions  of  the  crystallized  salt  are  21*58  of  soda, 
14.42  add,  and  64  water  of  crystallization.  Soda  satura- 
ted wi^  carbonic  acid  may  be  obtained  either  by  transmit- 
ting carbonic  acid  gas  throng  a  solution  of  the  sub-car- 
bonatC)  or,  according  to  a  process  given  in  the  London 
Pharmacopoeiaf  mixing  one  part  of.  it  with  three  parts  of 
sub*carbonate  of  ammonia,  the  carbcHiic  acid  of  the  latter 
salt  being  transferred  to  the  soda,  and  the  ammonia  being 
distilled  off.  The  residual  liquor  adbrds  crystals  of  carbo- 
nate of  soda.  The  alkali  may  a]$K>  be  super-saturated  with 
^rbonic  acid  by  the.  same  process  as  that  followed  with  the 
carbonate  of  potash ;  and  tins  super-saturated  solution  is 
like  the  other  in  medicinal  use. 

Carbonate  of  Ammonia. — Amm^onia,  by  combiniaticm 
with  carbonic  acid  in  different  proportions,  affords  various 
products^  in  which,  however,  the  alkali  is  not  altogether 
neutralized..  Though  they  exist  in  a  concrete  stat^  they 
are  volatile,  retain  the  pungent  ,ammoniacaI  odour  and 
taste,  and  change  the  vegetable  colojirs  to  a  green.  The 
combination  is  easily  established ;  by  presenting  the  two 
gases  to  each  other»  they  instantly  unite  and  form  a  con- 
ciete  salt:  they  unite  in  the  proportions  of  100  measnres 
of  the  acid  gas  with  200  measures  of  ammoniacal  gas,  imd 
the  product  of  this  combination  is  a  sub-carbonate. 

.The  process  usually  followed  for  its  production  is  an  in'* 
direct  one,  decomposing  muriate  of  ammonia  by  carbonate 
of  potash  or  lime.  Equal  parts  of  chalk,  dried,  and  of 
muriate  of  ammonia,  are  mixed  together,  and'.put  into  an 
earthen  retort,  or  an  iron  pot,  to  which  acapitnl  is  adi^ed, 
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and  which  is  connected  With  a  large  receiver.  Heat  is  ap* 
plied)  bjr  which  a  doable  decomposition  is  efi^ted,  the 
lime  attracting  the  muriatic  acid,  and  the  ammonia,  the 
carbonic  add.  The  muriate  of  liin^  remains  in  the  ves- 
sel, and  the.  carbonate  of  ammcmia  being  volatilized,'  is 
condensed  on  the  sides  of  the  receiver  in  the  fortn  of  a 
crust.  Sometimes  it  is  obtuned  by  another  process  in  so- . 
lution  in  w'aten  Equal  parts  of  muriate  of  ammonia  and 
of  sub-carbonate  of  potash-  are  put  into  a  retort  with  two 
parts  of  wat^r,  and  heat  is  aj^lied  i  a  double  decomposi- 
tion likewise  takes  place  in  t)iis  case,  the  muriatic  ^cid 
uniting  with  tlie  potash,  andjthe  carbonic  acid  with  the 
8mnM>nta ;  the  carbonate  of  ammonia  passes  over  with  the 
aqueous  vapour,  which,  when  condensed,  is  sufficient  to 
dissolve  \t. 

Carbonate  of  ammonia  is  also  obtained  in  large  quanti- 
ty in  tbe^  decomposition  of  animal  matter  by  heat»  It  i^ 
thus  procured  from  bones,  and  forms  the  impure  product 
which  bfts  been  named  salt  of  Hartshorn.  ^ 

The  composition  of  these  products'  varies  so  mtich, 
that,  according  to  their  analjrsis  by  D^vy,  the  quantity  of 
ammonia  is  from  20  to  50  in  100  parts.  The  carbonic 
acid  and  tr'ater  are  super-abundant  in  it,  as  the  tempera- 
ture a^  whidi  the  compound  has  been  fonned  is  low ;  that 
fermed  at  SOO?  ccmtained,  he  fbund^  above  50  of  alkali, 
'while  Aat  formed  at  60^  contained  only  20;  but  in  notie 
of  them  is  the  slkali  neutralized.  The  sub-carbonate,  esti- 
mating its  competition  from  its  being  formed  of  one  mea- 
sure of  the  one  gas  to  two  of  the  other,  will  consist  of  44 
of  ammonia  and  56  of  add  by  weight.  Supposing  the 
neutral  carbonate  to  be  formed  from  e(]^al  volumes,  this 
would  give  the  proportions  of  28.2  of  base  and  71.8  of 
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Ucid  :  BerthoIIetj  by  analysis^  found  the  proportions  very 
near  these,  26.7  of  ammcmia  aod  7S.3  of  acid. 
'  Sub-carbonate  of  ainniooia  is  very  soluble  in  water  >  at 
a  mean  temperature  if.  requires  only  twice  its  weight,  and 
at  212^  less  than  its  own  weight  is  sufficient  for  its  solu- 
tion. Its  saturated  sc^ution  deposites  crystak^  the  figure 
of  which  appears  to* be  octohedral.  Exposed  to  a  very 
moderate  heat,  it  is  entirely  volatili?^  but  is  easily  con* 
densed,  and  its  deposition  on  the  sides  of  the  vessel  is  of  a 
regular  dendritical  farm.  It  eiBoresces  on  exposure  to  the 
air,  and  its  odour  becomes  weaker,  from  the  loss  of  its 
moisture,  or  the  absorption  of  carbonic.tfcid. 

This  salt  is  used  ip  medicine  as  a  stimulant  and  diapha*> 
retic,  and  as  a  stimulating4>erfume. 

Carbonate  of  Babttes  exists  native.  When  obtiun- 
ed  by  adding  carbonic  acid  to  bary tic  water,  or  by  decom- 
posing jnuriate  of  bary  tes  by  an  alkaline  carbonate,  it  is  in 
the  form  of  a  white  powder,  of  considerable  ^ecific  gravi- 
ty ;  is  not  soluble  in  water  in  any  appreciable  quantity^ 
but  is  dissolved  in  small  quantity  when  the  water  is  im- 
pregnated with  carbonic  acid.  The  native  carbonate,  and 
the  artificial  carbonate  after  it  has  been  ignited,  consist  of 
22  of  acid  and  78  biuytes.  The  artificial  carbonate  is  de- 
composed by  heat,  its  carbonic  acid  being  expelled ;  while 
in  the  natural  carbonate  which  contains  less  water,  the  de- 
composition is  much  more  difficult :  a  diffi»'ence  owing  to 
the  water  contained  in  the  former,  which  by  the  affinity  it 
exerts  to  the  bary  tes,  favours  the  separation  of  the  carbonic 
acid.  The  same  affinity  favours  even  the  expulsion  of  the 
carbonic  acid  by  the  action  of  another  acid :  When  a  litde 
charcoal  is  added,  the  native  carbonate  is  decomposed  by 
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a  red  heat,  by  the  carbonic  acid  being  convened  into  car- 
bonic oxide. 

Carbonate  of  Strontites  is  precipitated)  on  adding 
carbonic  acid,  or  a  sdution  of  m  aHcaline  carbonate,  to  a 
solution  of  strontites,  or  of  a  stironiitic  sak. .  With  an  ex- 
cess of  acid  it  becomes  soluble.'  The  artificial  tarbonate, 
like  that  of  barytes,  is -more  easily  decomposed  than  the 
native.  The  latter  consists  of  61.2  of  strontiteSy  S0J2  of 
acid,  and  S.6  of  water.  ,-'* 

Carbonate  of  Lime  exists  in  nature  in  great  abun- 
dance and  under  avario^  of  fornis,  many  of  them  Tega- 

■  larfy  crystidlnsed.  It  is  formed  by  adding  carbonic  JMsd 
to  linie-water,  or  by  decomposing  any  of  the  sidofale  sahwof 
lime  by  any  of  the  alkaline  carbonates*  It  a  very  qaarii^- 
ly  soluble  in  water,  and  in  those  Ibnhs  of  it  in  wiiicb  the 
cohesion  is  consideralde,  appears  ialtogether  inspltiblesi  By 
an  excess  of  carbonic  add,  solnbility  is  coomranicated. 
When  exposed  to  heat,  |t  first  loses  what  water  it  contains^ 

.  and,  if  transparent  and  hard,  becomes  wtiit^  opaqne,  atid 
friaUe*  If  the  beat  be  augmented^  the  carbcMiic  acid  is 
expelled,  and  pure  Jime  remains.  This  operi^oo  ia  per- 
filmed  on  a  large  scale,  on  the  difibrent  Varieties  of  ihe 
native  carbonate,  maHbfe,  chalk,  aiid  more  particuhrly 
limestone,  to  ob£aiii  lime  Ibr  the  mimerous  uses  to  which 
it  is  applied.  '  The  experim«ats  of  Sir  jTamtta'  Hali  have 
proved,  that  if  the  se^ardtion  of  the  carbonic  acid  from  its 
combination  with  the  fime  be  prevented  by  the  tiequisite 

-pressure^  the  carbonate  may  be  fused  at  a  heat  between  W 
^nd  so  of  Wedgwood's  scale,  according  tO  the  more  or  less 
perfect  compression.  A  substance  is  thus  formed,  having 
considerable  hardness  and  closeness  of  texture,  and  ap- 
proaching by  these  qualities,  as  well  as  in  fracture  and  tpe^ 
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-  ctfic  gravity,  to  tKe  finer  kinds  of  limestone  or  marble* 
Bucholz  has  since  discovered,  that  even  without  compv^s- 
flioQ  carbonate  of  lime  is  fused  when  it  is  submitted  to  heat 
in  a  large  mffis.  The  acids  expel  the  carbonic  acid  froiai 
carbonate  oflime,  with  eflEervescence  \  and  this  property  of 
effervescing  strongly  on  the  contact  of  an  acid,;affi>r<k  a 
discriminating,  cbaractw  of  carbonate  of  lime. .  The  native 
.  carbonate  perfectly  paite,  €oi»»ista  «f>55  of  lime,  and  45  of 
acid* 

Carboi? ATE  ojr  Magiiie8ia  is  prepared  for  medicinal  use 
by.  dissolving)  equal  weights  of  sulphate  pf  magnesia  and 
sub-carbonate  of  potash  separately  in  twice  their  wei^t  of 
.  iRRttcar  I  mixiBgithttn  tc^ether^  and  diludng  with  dight  parts 
-of  wjarm  water.:  thi»  xoagnesia  attracts  the  .carbonic  acid ; 
arid  the  compound  being  intoluble,  is  .precipitated,  while 
the  sulphate  of  potash  that  is  ferried  remains  in  solution. 
The  mixture. i&' made  to  boil  for  a  few  minutes :  after  cool- 
ing a  Utde,  it  is  poured  upon,  a  filtre :  the  clear  fluid  runs 
throi^h,  and  the  precipitate  of  carbonate  of  magnesia  is 
washed"  with  water  till  it  is  tastekss*    When  the  process  is 
conducted  on  the  large  scale,  the  bittern,  or  liquor  re- 
maining after  the  crystallization  of  sea  salt^  which  is  prin- 
cipally a  soliitioii  of  muriate  apd  sulphate  of  magnesia,  is 
•  substituted  for  the  pure  sulphate,  and  this  is.  precipitated 
,by  a  soluticm  <rf'pearl-ash,  o9>of  carbonate  of  ammonia  pro- 
f  cured  by  distillation  from  animal  substances. 

Carbonate  of  magnesia  is  perfectly  white,  nearly  taste* 
less,  possessing  little  coherence  in  its  texture,  and  of  a  spe- 
cific gravity  not  more  than  2S*  It  is  very  sparingly  so- 
luble in  water ;  requiring  at  least  2000  times  its  weight,  at 
the  temperature  of  60^.  In  this  state^  however,  k  is  ra- 
ther a  6ub*carbonate.     When  acted  on  by.  water  iropreg- 
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HUted  with  carbonic  acid,  H  is  dissolved ;  and  irdtn  tbis  so* 
littioii'  allowed  to  evaporate  spontaneously)  the  carbonate 
of  mi^posia  is  deposited  in  small  prisiBi^  crystalsy^whielr 
are  transparent  and  eiBopsic»it:  tbey  are  soluble  in  48^ 
parts  of  water,  at  60 ;  and,  by  slow  evap6ktition,  this  solu- 
tion affi)rds  crystals.  Th^consist  of  "25  of  magnesia,  50* 
ofadd^and  25  of  water  $  whSetbe  propoktions  of  the  com- 
mon carbonate  are,  from  45  to  S5  of  eartfa>  from  25  to' 48* 

of  acid,  and  from  15  to  SO  of  water! 

> 

Cakbonate  of  Aroil  can  seartely  be  formed : '  wat^ 
impregnated  with  carbonic  acid  dissdive^  a  portion  "bftli^ 
esaih;  iimt  in  evaporating  the  S(dotion,'tho''attrlioilid  add 
_  isexpded^  and  when  an  argfflacteus  sali  is  decomposed' 
by  an  aBcaline  carbonate,  the  a^gtl  itf  pl^ecipitiited,  atid  re^' 
tnss  little  carbonic  ACid  combined  with  it;^  •  ^ 

The  other  earthy  caii)onates  ar^  iscarcd^  known*.  Car^ 
BOKMtE  OF  2iiitcoN  is  ins6liibl^  Carbokate'  of  Glu* 
oiKE,  obtained  by  douUe  decdrnpiosition,  is  pi^ecipit8tiftlin> 
a  soft  state,  and  is  not  easily  dried  $  is  insipid,  insoluble  m 
wnter,  and  is  not  rendered  soluble  by  an  excess  Of  acid. 
.  Water  impr^nated  wkh  carbonic  acid  dissolves  small 
portions  of  some  of  the  melxlls^  particularly  iroti  and  zinc* 
By  indireot  modes  it  can  t^  combined  with  their  oxidds, 
filming  compouQds  dtoEW^ids  to  be  notite^d.  ^  ^    « 
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CfiABOOAL,  in  burning,  combines  with  that  proportion - 
of  oxygen  which  converts^  it  into  carbonic  acid* .  But  ail 
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jntfCTWldiate  prpt]^cl  m  ih^  »Wfi  gf  w  oxiikt  can  be  obr 
taioed  by  proi^owe^  in  wbJk^  Q¥yg^  ^usd  chaf csodi  afeaoin«> 
l^oed  in  a  di^br^o^  <QQd^>  Qrin  wllicb  cwrbplrid  iMBid  iibile- 
qoofiposed  m^  iu  os^gg^iir  partially  ^b^UlK^t^. 

The  processes  io  wbicb  the  groductJQn  of  i^^rl^ovi^ii^ide 
^as  first  obs^ry^,  <:opfisl  in. closing  jnixtiHW  of  cer^a 
n^etaUic  oxide^  e^F^culaiiy  i^.  gft^y  Qxide  pp^  .SP4te9  ^ 
irqn  TUb  ^pcqf^^  a  ^fd  ^M^ts  4i'}#rs9  qtwil^y  of  vkm^ 
tic  fluid  is  disengiaged,  .v^ifb  coiasj^  ^par^  ^f  carbootp 
api4  vb*it  wh§^  ^i&M  iibstra^^.by  agit^oe  with  watfr, 
th^re  ^eip^ias  a^  ^(ii;  flv^}  ififli^iMMti  Md  vbicb,  in 
IffiniiQgy  «,<^v#rt04  intpjpfyp|)oiijct^2  H)b99bmcebe«ir 

Qoal,  and  from  t^f^^f$^>4^;4^b^rc<^l  i)iiQs$nl>  /%nni  lUa 

.  Th^^f  (^f«^  9thM  process^  ID  wbicb  %  similar  prodwtia 

TSm9i  if  IM^iYP  (a«*Pttatc[  Qf  U»ryMM*  PI?  d»i^  ^rbpfta^  ^ 
lime,  b^  P)i^  wi<h;aii|c  qr  ir««hQia|gf^:^i^p«f^  to  % 
l^w  arM  bflttt  t)»^W  i&  nn^^ndm^  prod^sUw  of  ^liHPCtc 
fl.H^ ;  thi§  (sm^l^ji  9  s|p^  poTlk^ft  Qf^rairb^RJ^  Midi  but  il 
c^iWf^^.PWWPrtbr  qC«  ingamfli^y^  ga{blif)^b»A^  tba 
former,  is  confV^ted  ip0  c^i^bopkjl^-ii^JpWI^ 
towards  the  end  of  the  process  this,  gas  is  even  disengaged 
perfectly  pure«  Its  production  must;  be  ascribed  to  the 
metal  abstracting  a  portio&jof  the  oxygen  of  the  oarbonic 
acid  disengaged  from  the  carbonate  of  barytes  or  carbonate 
of  lime.  And  th^^^  ^^co^p^iti^l^.sQ  ^s  to  afford  this  pro'% 
duct,  is  established  by  another  process  still  more  direct,-—^ 
p«^i|ixig  qarb9niiq  ^qid.gas  r^p^tedly  through  aiv  iiroiiiptobet 
cpi)t^iiung*^^n  iron,  .wire  ^t  ^  re4  bciai  i  tbe^  iron  js  ox^ 


OF  CARBOtriC.  OXIDE. 


457 


dated,  ai¥l  tbe  carbanie  acid,  if  the  prdoess  is  continued 
finffifiientlj.  long^  is  convdrced  i&lo  carbonic  oxide. 

Seme  obeaitsts,  BertboHet  in  particular,  bave  aipposed 

* 

tbat  tbis  gas  always  contains  a  pottion  6f  b3rdr(^en>  and 
is  tberefore  a  ternary  compound,  not'  a  pure  carbcuiie 
OKtde.  ,  Wben  obtMped  from  processes  in  wbicb  cbarcoal 
is  «iQ|doyed,  tbe  bydl^ogen  wbteb  tbis  inflammaUb  sub- 
stance Qsnally  contains^  may^eiiter  iutq  combination  witb 
tbe  oxygen  and  carbon  which  form  the  ela^tib  pi'oduct, 
add  exist  in  k  0itb^  as  a  constituent  ingredient,  or  misfied 
with  it  in  die  stait^  ^  carburetled  bydrbgen ;  and  »co(»d- 
li^ly  tb^  gas,  prodiu^  by  this  process  has  be^  observed, 
in  butmngi  not^jiily  to  form  t^arbonic  add,  but  to-depo^ta 
ais<^  a  portion  of  water.  Aa  obtained,  however,  by  o^ 
tber  ptrpcsesses,  there  is  no  depositbB  of  water;  and  its 
production  from  tbe  deoomposition  of  tiie  c«bontc  add 
CQ(jfitilig  }pi  oarbooate  of  barytes,  a  compound  in  which 
<arbow^  ^idd  *ffl|)pe«rs  to  exist  witjhout  e^n  tbat  smaQ 
por^mi  of  water  wbicb  tbe  add  coiiteins  in  its  usual  ferm» 
as  weB  as  jttf^predudidn  fkcm  carbamc  add  gas,  Vbic^  has 
been  previously  exposed  to  the  action  of  muriate  of  lime, 
so  as  to  abstr^t  any  water,  render  more  probable  the 
eon^sion  that  ^ydmgm  is  not  esseutial  to  tiie  conslitu* 
tipo  af  tbi$  ek$tic  imi,  or  at  least  prove  tbat  the  quantity 
of  tbat  elemcBot'  in  its  composition  must  be  extiremely  smafi. 
It  is  tbeaefiire  the  most  probable  c^inion,  that  it  is  an 
<99tide  of  c»rb<m*  There  is  one  &ct,  indeed,  rather  singu-^ 
kor  wiA  regard  to  this  gas,  which  is  favduraUe  to  the  sup- 
position ithat  hydrogen  is*  one  of  its  el6ments,^ts  compa- 
rative levity.  It  is  rather  lighter  than  almospfamc  air :  oxy- 
gen ga^  19  heavier :  when  combined  with  carbon^  a  heavier 
ingredient,'  it  might,  in  retaining  tbe  elastic  form,  be  ex- 
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pected  fitill  to  beeome  speeificalty  heavier,  and  it  actuaKy 
does  so  in  forming  carbonic  acid  $  yet,  in  increasing  the 
pr€>poirtion  of  carbon  farther  so  as  to  form  carbonic  oxide, 
it  becomes  specifically  lighter.  And  though  some  attempts 
have  been  made  to  account  for  this,  it  is  stiH  not  very 
satisfactorily  explained. 

Carbonic  oxide  is  permanently  elastic.  Its  specific  gra- 
vity is  to  that  of  almospherio  air  as  957  to  1000.  100 
cubic  inches  weigh  29  grains.'  It  is  absorbed  in  small 
quantity  by  watery  100  cubic-  inches  condensing  2  of  the 
gas :  it  has  no  acid  taste,  nor  either  in  this  condensed 
state  or  in  its  elastic  form  does  it  -  contract  any  union  with 
the  alkalis  or  eardis.  It  bums  with  a  blue  lambent  flame^ 
but  does  hot  explode  when  previously  mixed  with  &tmos{die- 
ric  air  and  kindled ;  and  it  if;  necessary  to  its  complete  com- 
bustion, thftt  an  excess  of  oxygen  should  be  pr^ent :  lOQ 
cubic  inches  of  it  consume,  according  to  Gitiickshank,  40^ 
aocerdingto  Daltcm  4?,  and  according  to^Oay^Lussac  50 
cubic  inches  of  oxygen  gas.  It  forms  ii  Quantity  of  car- 
bonic accd  gas  equal  in  weight  to  the  carbonic  oxide  ^D^ 
oxygen  consumed.  From  the  products' Crilick^hank  in- 
ferred that  it  consists  of  21  of  oxygen  and  B.6  of  carbon. 
Clement  and  Desormes  state  them  at  58:4:  of  oxygen  and 
41.6  of  carbon.  If  the  estimate  of  Gay-LUssac,  that  100 
measures  of  the  carbonic  oxide  combine  with  50  c^  oxygen, 
and  form  100  measures  of  earbonic  acid  gas,  be  cdri'ect, 
it  follows,  as  100  measures  of  carbonic  acid  gas  contain 
exactly  100  measures  of  oxygen  ^s,  that  carbonic  oxide 
contain^s  just  half  the  quantity  of  oxygen  that  carbonic 
acid  contains,  or  that  100  measures  of  it  contain  50  mea- 
sures of  oxygen.     Reducing  tliese  proportions  to  weight, 
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tkey  givei  as  the  composition  of  carbcHiic  oxide,  43  of  car- 
bon and  57  of  oxygen.  ' 


.  1  < 


SfiCT«  VL-^Of 'Carbureted  and  Q^yiearbureUed  Hj/dtogen 

'    •■ .,  •    '  Gases* 

.  There  areolHain?d)  in  different  processes,  ihflaimndile 
elastic, fluids,  wh^iQl^y  in  their  caaU}|i8dony  afi)rd  ^^arbonic 
acid  and  wster  in  different  propprtiops,  and  which,  ^e* 
therefore,  compounds  of  carbon  and  hydrogen,  or.  of  car- 
bon, hydrc^en,  and  oxygen,  and  as  such  may  haye  Ijhe 
cc^Qpunon  name  of  carburettediiydrogea  or  oxy-carbui;etl;ed 
I^ydrogen  appUed  to  them.  There  is^much  difficvdty.in 
determining  their  composition,  and  tb^e  is  eyen  some  un-' 
cerXainty  witKr^ard.tQ  their  specificdu»tincti<mstT-iwh^hec 
some  of  them  are  not  mixtures  of  others*  Two  opinions 
are  ^t  present  maintained^  with  reg^d  to  them;  one  admits 
the  existence  of  pnly  two  speqes,  both  coippounds  of  ci^r- 
bpn  and  hydrogen  in  definite;  proportions,  which  jxnay 
hence  be  denominated  carborettpd  ana  siiper-carbu-> 
retted  hydrogen  .  gases,  and  supposes  air  the  others  to 
he  mixtures  of  these  with  hydrogen  and  carbonic  oxide ; 
the  other  opinion  rests  on  the  conclusion,  that  carbon,  hy- 
drcigen,  an,d  o¥ygen;Combine  in  numerous,  perhaps  in  in- 
definite proportions,  and  that  the  various  elastic  fluids  oB* 
tained  by  these  prooesses  are  the  products  of  combinations 
of  this  kind.  The  specific  distinctions  and  properties  of 
those  which  are  best  4eflned  may  first  be  stated,  and  tbes^ 
opinions  may  then  be  considered.  ^ 
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A  ^gam  arises  firooi  iiia»bes.produced  l^  the  decomposi- 
tion  of  vegetable  matter,  which  is  inflamniahle).  aod  yields 
water  'and  carbonic  acid  in  its  combostion.  It  has  been 
examined  by  Mr  Dalton  and  Dr  Thomson,  who  have 
both  considered  it  as  a  binary  compound  of  carbon  and 
hydrogen,  and  as  the  gas  to  which  the  name  of  Carburet- 
ted  Hydrogmi  ought  to  be  appropriated.  It  is  always 
mixed  with  nitrogen  gas  and  carbonic  acid  gas,  but  when 
these  are  abstracted  it  is  of  uniform  properties.  Its  spe- 
cific gravity  is  0.555  :  100  cubic  inches  weigh  17  grains ; 
water  absorbs  ^V  ^^  ^^  volume  of  it.  It  bums  with  a  yel- 
low flame  $  it  explodes  but  feebly  when  inixed  with  atmos- 
{^rip  air }  and  when  niixed  with  oxygen  gas,  it  is  neces- 
Bfory  that  the  oxygen  should  be  coi^siderably  in  excess  \ 
.100  measures  consume  205  measures  of  oxygen,  and  form 
104  measures  of  carbonic  acid  gas.  Carbonic  acid  gas 
oofeitams  its  own  volume  of  oxygen.;  hence  100  measures 
of  the  oxygen  consumed  are  inferred  to  combine  with 
the  bydrog^i  of  the  gas  to  form  water ;  this  gives  the 
proportions  of  72  of  carbon  and  28  of  hydrogen,  as 
entering  into  its  composition.  This  gas  may  likewise  be 
analysed  by  the  action  of  oxynntiriatic  acid  gas.  Wh^i 
they  are  expo^  over  water  to  light,  oxygen  is  transferred 
from  the  oxymuriatic  acid,  and  the  Whole  mixture  being 
converted  into  carbonic  and  rauriatic  acids  is  absorbed  by 
the  water. 

The  other  inflammable  gas,  which  is  regarded  as  a  bina- 
ry compound  of  carbon  and  hydrogen,  is  that  which  has 
been  known  by  the  name  of  Oleflant  Gas,  and  which  it  is 
now  proposed  to  name  Super^carburetted  hydrogen,  as  con- 
tfttning,a  larger  proportion  of  carbon  than  the  former.  It 
is  formed  during  the  latter  stage  of  the  process  of  the  for- 
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m^idn  of  what  is  named  Sulphuric  Ether,  by  ihe  action^)! 
suIpHuric  acid  oh  alkohol  at  a  faighlteinp^Tatai^;  or  it'Cfn 
be  obtained  directly  by  mixing  three  pans  of  soli^mric  a* 
cid  by  weight  with  one  port  of  alkohol^  and  snbmittiBgUMi 
mixture  in  a  retort  to  a  ttiodea^ate  heat.  The  dastic  ffiiid 
disengaged  is  the  olefiant  gas  mixed  with  a  portioa  of  ^nl^ 
phiirous  acid  gas;  the  letter  is  abstracted  by  a^tatioii  with 
water,  an4  the  fortocr  remains  pure.  )t  derives  the  nasiie 
by  which  it  isdistingiiishedifrom  a  angular  chemitsal  pro* 
perty  tt^xhritMts,  that,  when  mixed  Hirkh  bxymisriatic  add 
gas,  condensatUm  bf  the  two^^ages  qoickfy'takies  fdaee,  and 
a  liquid  is  produced  from  their  adioni  wl^ch  coUecta  fii  a 
film  on  the  stkrface  of  the  water,  and  afterwanb  into  glc^ 
bules  having  all  the  appearance  of  oil ;  it  is  rs^er  heavier 
than  water,  and  hence  the  globnles  soon  sink  |%it  is  wfait* 
ish  and  semi-transparent,  has  a  smeH  somewhat  aromatic 
and  a  sweetish  taste.  By  agitatii>n  with  water  it  is  dis8ol-» 
ved  :  alkohol  and  ether  also  disisblve  it,  sulphtiric  add  dia* 
engages  a  smell  of  oxymuriatic  acid,  and  itttmte  of  silver 
forms  a  precipitate  of  muriate  of  silver.  The  theory  of  iU 
production  is  not  very  well  ascertained  ;  but  it  appears  to 
contain  muriatic  or  oxymuriatic  acid  in  combination  with 
carbon  and  hydrogen.  .      ' 

Olefiant  gas  has  a  spedfic  gravity  very  nearly  the  same 
as  atmosphel^ic  air,  the  difierence  being  only  as  974  to 
1000.  li  has  an  odour  slightly  fetid ;  is  absorbed  in  small 
quantity  by  water  ;  it  is  decomposed  by  transmiiftaiionr 
throu^  an  ignited  tube,  depositing  charcoal;  and  charcoa) 
is  also  precipitated  from  it  by  the  agency  of  the  dectric 
spark,  while  tt  is  converted  into  a  lighter  inflamiifUiUe  gas, 
without  any  deposition  of  moisture  or  production  of  earbc-* 
iiic  acid.    It  appears,  therefore,  to  contain  no  oxygen.    It 
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burns  with  a  dense,  oily  flame,  and  the  emissMm  of  mmh 
light ;  and  if  previonidy  nuxed  with  a  suffieient  quantilj^iof 
atmospheric  air  or  oxygen  gB%.  detonates  with  the  utmost 
Tiolence^  Of  any  of  these  inflammable  gases,  it  isthe  <me 
which  consumes  the  laiigest  quantity  of  oxygen  in  its  ooiia- 
bustion,  and  gives  the  largest  product  of  carbonic  add  ^ 
and  from  its  greater  specific  gravity  compared  with  the 
other  inflammable  gases,  it  is  evident  that  its  principles  are 
in  a  state  of  greater  condensation.  There  is  considerable 
div€3'sity  of  result  in  the  j^perlm^ntsof  difimnt  chemiiti^, 
with  regard  to  .the  quantity  of  oxygen  which  it  consumes, 
and  the  quantity  of  carbonic  acid  it  Ibrms.  Hence,  the  es- 
'  timate  of  its  c<»nposition  is  various»  Bertholkt  has  stated 
it  at  75  of  airbon»;and  25  of  hydrogen*  Dr  Thomson  at 
SO  and  20,  and  T.  Saussure  at  86  and  14. 

Besides  these  two  well  defined  species,  there  pre  a  Qum»- 
her  o^ gases  containing  carbon  and  hydrogen  produced  m 
difier^it  projeesses ;  and  their-  composition  is  so  liable  to 
be  diversified  by  slight  variations,  in  the  circumstances  of 
their  production,  that  it  is  not  easy  to  arrange  them  with 
precision.  Those  which  pre  best  cb^acterized  may  be  no- 
ticed. 

A  gas  is  formed,  which  is  nearly  pure  oldSant  gas,  by 
passing  the  vapour  of  alkohol  either  over  ignited^  siliceous 
or  argillaceous  earth.  From  the  gas  which  is  disengagi^ 
in  the  .decomposition  of  wood,  and  of  some  inflammable 
vegetable  products  by  heat,  bufning  with  a  dense  oily  flame, 
it  might  be  concluded  to  be  analogous ;  but  it .  is  much 
lighter,  and  consumes  in  burning  a  much  smaller  quantity 
of  oxygen.  Tlie  gas  disengaged  from  the  biiflminous  mat- 
ter of  coal  by  heat,  and  which  has  been  applied  to  the. pur- 
pose of  afibrding  illumination  by  jts  combustion,  is  of  a  si- 
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niilsr  Batare.    Jt  b^rns  with  a  dense  oi)y«{ik^  Sstde,  even 
wben  it  has  been  &^d  bjr  wa^ng  froia  the  bituminatrs 
m^iUer  «Q$}}^nded  in  it;  and  it  confflim^s  in  burning,  as 
Dr  Henry  ibas  fbuBd,  a  larger  quantit}'  of  oxygen  g&Sy  and 
al^r4s  a  larger  product  of  carboniracid.  It^pears,  how- 
ever, not  to  be  the  same  with  the  ol^ant  gas.  •  Itvaries^ 
tiOD>  aa obtained <firoin:d]ffi»*ent  kindsof  coal;  and  thenre  are 
some  varieties  of  it  whksh  are  lighter  dian  any  otber  species' 
of  carbnrelted  hydrogen^  the  specific gravky  being  so  low ^S; 
SOOv  and  even  190 ;  air  being  ,1000.     BesMes  ^ei9e>  there^ 
are  a  n umber  of  other  linflammabie  gases^  containing  cfajcf^^ 
lyearbon  and  bydrog^  dtsengagisd  in  difierent  prbeessesi/ 
<ir  from  dtfferent  substances  decomposed  by  heat,  whibh' 
differ  from  each  other  in  specific  gravity,  and  in  the  quan-r' 
tity  of  oxygea  Aey  consume^  and  of  carbonic  acid  which 
tbcgr  form*     Thus,  if  oil  or  wax  be  decomposed  by  a  red 
^eati'agi». is  produced,  wh]cb>  like  theolefiant  gasj  burns' 
witbniiich  iDumination,  but  is  of  so  low  a  Specific  gravity  as' 
9^348.     While  100  meaioires  of  d^ant  gas  consume  m' 
burning  284  measurds  or  more  of  oxygen  gas,  the  ga.%  froiti 
wax  consumes  only  2S0^  that  from  oil  190.  Another  is  ob-** 
tained  by  passing  the  vapour  of  camphor  throttgh  a  red' 
hpt  tube,- 100  measures  of  which  in  burning  consume  176^ 
measures  of  oxjrgen.     The  vapour  of  alkohol  or  of  ether 
isttbmitted  tothe saine  experiment,  yields  gases  which  are 
lighter,  combine  with  less  oxygen,  and  afford  liess  carbonic 
acid.  .       •         •     . 

Lastly,  a  gas  known  fbrmerly  to  chemists  by  the  name 
of  Heavy  Inflamfhable  Air,  is  produced  from  humid  char- 
coal, or  the  vapour  of  water  passed  slowly  over  charcoal  at 
H  red  heatt,  inferior  to  all  these  in  the  quantity  of  oxygen 
which  it  consumes  in  burning,  and  the  quantity  of  carbon 
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nic  acki  which  k  yiekk.  In  the  proeeAS  in  which  it  f$' 
formed,  a  quantity  of  corbMije  acid  is  also  formed  by  the 
oxygen  of  the  water  deoimiposed  oc^bming  witb  th^^hat^ 
coal ;  Ais  is  abstracted  by  washing  with  watery  and  the 
inflammable  gas  remains.  Its  specific  gravity  c^nptired- 
with  air  is  0.655 :  it  bams  with  a  w^idc  lamfa^nt  Aato^ 
100  me»m^  of  it  combine  in  barniug  witb  eemema^ 
of  ixxyg&af  and  produce  4fO  of  csrtwnio  acid  gaft,  with  9 
graina  of  water  deposited.  It  is  extremely  ddeterioot  in 
its  action  on  Ibe.  living  system  when  rec^ved  into  the  kingft. 
An  iinimal  breathing  it  puie  is  ahnoet  tnstaatfy  killed  $  ^and 
even  when  diluted  with  20  parts  of  atmoi^ieric  air^it  prdu 
dnces^  when  respired,  odmess,  vert%0|  fainting,  and  ocher 
symptoms  of  exhaustedvj^wer.  It  has  the  peculiar  elfeet 
on  the  blood  of  giving  to  it  a  florid  red  hae. 

The  products  of  the  combustion  of  these  gases  are  cm^ 
bonic  acid  and  water :  they  contain  tfaeitefofe  carbon  Md 
hydrogen.  But  when  tlte  quantity  of  oxygen  which  tiu^ 
consume  is  compared  with  the  qnamtity  of  carbonic  acid  Md 
water  which  th^  affin:d,  the  consumption  of  oxygeiiia  Idia 
than  the  quantity  which  enters  into  the  cempoiMtiOD  of 
these  products ;  haice  it  follows,  that  th^  must  contain 
oxygen  either  in  direct  combination. with  the  carbon  and 
hydrogen,  or  combined  in  a  binary  combinaUon,  mire^ 
with  carburetted  hydrogen.  The  gas  from  Immid  char- 
coal contains,  for  example,  according  to-  BertboHet,  S8.6 
of  oxygen  in  100  parts,  with  44  of  carbon,  and  £2,4  of  hy* 
dtc^en ;  that  from  camphor  contains  2&.$6  of  oxygen, 
with  48.6S  of  carbon,  and  26j02  of  hydrogen  ;  and  there 
arc  other  proportions  with  regard  to  the  others^ 

Two  opinions  I  have  stated  are  maintained  with  r^ard 
to  this.     Mr  Dalton,  Dr  Henry  and  other  chemists,  sop- 
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pote  tfafiiti  ll^e  gases  asefniiditrtejc^f  Iiaae  or^badi  a£  idiit 

b^l«)gttftaiia  oxjrgm  joie  i^ 

iiKlitttinliyipvoperly  big  H^foHjhn 

Gftscs  $<is^thi«  opinion  is^suppoidid  bf  B^tboUct.  v^Tfacffe 
in^  somattmes^^  aakiSi^mixttiferpikrtk^iilAtijof  ctt 
cidddUs  bttt^fe  mere  bypodiewi thattlrig  ^  Uwiijw  tbe^cMa 
it  k  8tittdi<»'e'  ai)  assufofiktf  aic^etfa^  gir^iti&bi^  liiidiNd- 
tr^mely  impr^^bable,tiM(ritbettti^^d-hM«^^^^ 
of  pure  bydrc^n ;  for  in  all  tbe  processes  in  wbiektbey 
ai»  produced,  carbon  is  presented  to  tbis  element  under 
the  circumsttocea  under  whicb  tbey  cotinbine.  And  tbo 
intermixture  of  olefiant  gas  ^pears  to  be  precluded  with 
r^§pxd  to  tbe  greater  number  of  tbero,  by  tbe  circumstance 
that  it  is  actually  decomposed  at  a  red  heat;^  On  the  odiar 
handy  when  it  is  considered  that  carbon,  hydrogen^  and 
oxygen '  have  strong  mutual  affinities  to  each  other,  it  is 
sufficiently  probable  dprioHy  that  these  affinities  n^ay  be 
so  balanced  as  to  admit  of  their  union  in  simultatieous 
combination  in  various,  perhaps  in  ind^nite  proportions} 
so  as  to  give  rise  to  die  nuiberous  elasticfluidi  which  are  for- 
.med  by  s%ht  diver^^ities  in  the  processes  above  described  ;  * 
a  probability,  confirmed  by  the  fact  that  these  elements  ex« 
ist  in  such  combinations  in  the  immense  diversity  of  orga« 
nic  products. 

Besides  the  analysis  of  these  gases  by  c<»nbusti6n,  it  may 
be  stated,  in  excluding  their  history,  that  they  are  all  de- 
composed by  the  operation  of  another  powerful  chemical 
agent,-*-oxy-muriatic  add  gas.     If  mixed  with  them  over 
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watar  tact  eiqKMed  to  light,  coodcliMtioii  speedity  takes 
ptaoe,  and  tbewbole  is  converted  into  water,  carbonkiicid, 
and  nioriatic  add ;  the  oxy*niariatie  acid  affording  oxj* 
i;en  to  the  h  jdrogeo  and  carbon  of  the  iDflammahle  gas. 
A  similar  action  is  exerted,  accompanied  with  detonation, 
when  the  electric  spark  is.  transmitted  through  the  siix* 
lure  of  these  gases.  From  some  of  them,  especially  the 
dlefiant  gaB»  part  of  the  carbon  is  precipitated  in  the  stsate 
of  charcoal  Carbcmic  oxide  does  not  detonate  with  oxy- 
muriatic  acid  gas,  and  this,  independent  of  other  diarao 
ters»  discrimioales  U  from,  these  gases. 
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OF  PHOSPHOEIC  ACID,  ITS  BASE,  ANib  THEIR 

COMBINATIONS.  .  . 

PiiospHORtc  Iteld,  hfdecom^oAtioiAi  affords  Phosphorus, 
a  substance  dktingiiished  by  its  high  ii]fiainmab)Ift3r  v  it  Is 
the  base  of  thts  acid,  fon&ii^  it  fay  combii^aCxoii  with  exy* 
gen«  Wit&  a  siftialkr  pt^c^r^iHi  <»f  OKjg&iij  it  ib^nfts 
Phosphorous  AxAd.  Wi^  hydrogen  it  ptoAutieR^M  elastic 
coinpotiiid.  :  It  uBites^witk  sulphur  and  tlitf  metals,  and  ii 
iicted  on  by  die  itHcalis  and  eanlis*  Itmustyin  thepreflfeiit 
«tate  of  our  knowledge  with  regard  to  it^  be^nrid^red  as 
«  simple  substance; 'for  though  some  results  were  at  one 
period  obtained  from  the  action  of  galvanism,  tmd  also 
irom  die^flcdan-  of  potaasium  upon  it,-  whence  it  w^s  in* 
&rre<i  to  coxitain  small  portions  of  oxygen  and  hydrogen ; 
it  nowjqbpears'that  thcise  were  inaccurate,  and  there  Is  no 
Hkct  whenee^its  compound  ^nature  eta  be  infetredl 

9  •  '  .'  '  •  , 
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.  .  iTiwasfkaisNni  to  somc^  of.the"  ah^emists^  that  a  snb-v 
s(tende  ought  lUe  procured' which  .bums:  epontaneously  on 


expofliife  to  the  air.  Kunckel  made  /known  the  process  by 
which  they  obtained  it,  that  of  distilling  urine  to  dryness, 
,  and  urging  the  residuum  with  a  strong  heat ;  the  phospho- 
lief  acid  existii^  in  the  sfilts  of  the  urine  is  decomposed, 
and  its  oxygen  abstracted  hy  die  aoimal  matter.  By  the 
addition  of  charcoal,  this  decomposition  is  facilitated :  mi. 
the  product  \s  also  increased,  by  adding  a  portion  of  mu- 
riate of  lead,  which,  abstracting  the  phosphoric  acid  from 
the  soda  and  lime  with  which  ft'  is  in  part  combined,  allows 
it  to  be  more  easily  decomposed. 

pliospl^^9Miii4f!  mm  ^btaiiied  with:  ^Me  f9iiii^%.k(/JifM^ 

Un^ :  XtMJredticfid  m  pb^deyia/aitbim^ed  tQ  theiMHiw 
afhfiX  itfi^Hfii#)tt#f  sulpterk»teid,:^^4^^ 
tQ  9Qpm^^^MiB$;«^^iMi»g  tfifik  mii^iial.tieiiin'bytfaeflp^ 
fji^sj^o^ipi'  a''modeiiilo.:hiMi'  ''TWsa^kbitidiKid  eierti 
ait  MMfy  ^^ib^  fode^  and^eomb&es^mtfifa  fiovltoa  of  :k; 
4e  gko^hmk  aci^i  homing  rth«.«oapiisisa^:  iuneii  «m^ 
|bwUi<^f  h  obtain^  bgrJisGiomiiiig  the  a^ifltantewitli  bail' 
mg  watery  the  aofailioii  of  «Dpa^{>hosfA<ater jof tfiow  dis 
procured  {is:*evaperated  t^dispnemii  the  dty  m&mk  woSaaA 
with  hair,  its  weight  of  diarcoal  powder^  and  the  miictEire 
is  urged  with  a  fire  gradu^ly  raised  in  an  earthen  retort 
with  a  wide  neck,  to  vlrlSt?9r  a  cR^er  tube  is  adapted,  the 
extremity  of  which  dips  in  water ;  the  charcoal  attracts  the 
oxygen  of  the  {dio^pboriis  aoidrdiii.die  phosphorus  is  vo- 
latilized and  condaises,  pardy  in  the  tube  and  pardy  in 
jth^  w^r*  lie  imMsss^  froin  the  great  iniaaunability  of 
tfoi^pSQ^Gt}  we^km  ^nttderaUe-oare:    The  pbosptoai 


^ 

i 


of  carbonaceons  matter^'t^it^  k  ilHM^iM  by  «tl«iill%  tt 

gOBtiiigiit witfaa little ninrit  f^^ ^^ymwlMie  Add.    Whm        .  1 

Milled  undervMStrte  t)^rt»  imd  iMtdAscM  b»  tot^  felhAr^ 
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mihttaBmpvt&nt  It  lias  the  ^olisiftieM«  of  ^fraicy  >Mitll  jnitiie^ 
mtr^  brfttlencts.  Its  iraictbre  is  ditetl  radlM^d)  idil^iriilg  Ji 
erjrstaUine  strui^iire»  and  by  ^low  tcc^g  it  t^  etaii  te 
erptattiaBdr  in  oetohedvont^.  It  A^lts  ut  99«  of  F^i^Hb^i 
kTiAiitilmd  tit  dl^^^  M(i  bdfe  at^^^^^ 

£afb6«dtoial»M6phtfte  ai^it  «ifi{t»  wfaj^lb^i^Md  itt 
tkb  ditf k^ppean  IdinkimiSy  the^  tight  arirfiig  frond  iXM  <yita«- 
fauBtioiiy  iaad  tht  wlike  vappor»  from  the  pfodUdC^tioiiiliterfteg 
iiMit}iewttterofttoMi^«|AleiNl*  If  heatedly  fmtfle^«^ 
Hiiiiatioii  is  brigiukr  $  and  ai  IM  b  btfttit  iriib'lli^^MMDfi 
o£  nniok  heat  and  fighu  ita  rapid  MialiiMtbll^liako  et^ 
citdd  fay  frieftbn  witbout  htiat;  !  In-  o^sygen  gas  its  c^itibm^ 
tMi  ift  :^nd^  and  tbe  baat  and  %bs^  ititMse^  j^ft^t  i^ 
their  smgalar  is^  thai  the  daw  eoasbft^lioti  at  k>f«r  tesftperiii 
tnnBB  does  not  tak^  place  m  oayg^n  gas  a^  it  ddea  iA  ii^ 
BQussplierio  ab  ;  tbe  hi^at  r^ires  to  ba  rafe^  to^^abotei  80^ 
and  bdow'6d,  the  pfaosfduiriiB)  j£  tha  oatygefi  is'pntef  has 
not  in  th^  dark  any  iominotis  appearaMle^  Wtom  tbe  ex^ 
perimepts  made  to,  determine  the  cause  df  this  pectdiatitjf^ 
it  appearsy  that  the  sbw  icomboltioii  of  phosphoittt  in  at- 
mospbeTK  air  is  a^  indirect  process ;  the  phosphorus  Is 
dissolve  in  soaali  qaaality  by  tbe  nitrogen  gas,  said  in  thli^ 
state  bejlpg  presented  to  the  oxygen,  combines  with  it : 
hydrogen  gas  baa  tbe  same  properly  of  dissolving  it,  £aid 
henoe  » little  nitrogen  er  hydrogoUt  added  to  oltygeti  gas^ 
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uiwhMi  phofipbomi  is  pboedi  etnieB  ^fe^Iuu^ous  ap- 
pearance from  th^  alow  cbmboalioB. 

Tbe  alow  cemtMetion  of  phosfrihiMnta  in  Bitnoephmc  aiir 
affiirda  a  siBiple  eudiometrical  plroceas.  The  tffar  meaainred 
in  a  tubes  divided  into  100  equal  paM^  is  teanifisrred  ioib& 
another  tube,  rather  larger,  in  which  it  is  eSqsosed  to  t^ 
action  of  a  cylinder  of '  phosphorus,  supported  on  a  ^sa 
md^  the  Cftygm  gradually  combines  with  the  phoqdioms, 
and  the  pr^uct  is  absorbed  by  die  water  over  which  the 
air  is  confined*  Tbe  diminution  of  vobune  is  ascertained 
at  the  end  ot  the  experiment,  by  transimit^-  Ifae  air  mto 
the  graduated  tube.  This  method  is  easy  in  die  execulion  ; 
the  result  isobtained  in  a  few  hours;  and  it  has  the  ad- 
iqantage  of  indicating  when  tbe  process  is  coinplete,  the 
rise  cf  white  vi^sours  from  the  phosphorus  and  its  loim- 
nous^pearance  in  the  dark  watinuiog  "vrtiiie  ray  osygen 
is  preseoti  ^and  ceasing  when  tbe'whole  has.  been  aibstnict* 
ed.  It  reqpiirei»  only  one  correction ;  Ae  mtrogen  gas  dis- 
solving a  small  pc^tion  of  phosphorus,  receives  from  Ak 
an  increase  o£  volume,  and 'hence  the  diminution  with  thfe 
method  is  not  so  great;  as  with  some  of  the  oti^ets.  The 
increase  amounts  to  ahsut  a  £[>rtietb ;  hence,- if  the  resi- 
dual gas^  when  the  ei^ieriment  has  been  made  <m  idmos- 
pb^i:iC:oir,  be  equal  to  80  parts,  indicating  an  abstraction 
of  oxygen  equal  to  20,  the  quantity  really  abstracted  is 
^ual  to  22. 

...  Pbbqihorus  is  oxygenated  by  other  substances.  It  burns 
ii^  pxy-muriatic  acid  gas,  in  nitric  oxide  gas,  and  in  ni<« 
ttdv^aaid  vapour,  andreceives  oxygen  from  nitrous  acid. 

When  saturated  with,  oxygen,  it  forms  a  concrf^te  acid, 
tbe.Phosphoric.  When  the  oxygenation  is  less  perfe^, 
^vbat  is  n^med  PJiosphoroos  -^cid^is  produced-    The  ex- 
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istenee' 0f an  oRpde  of  fihofl|iborQS  bat  dbo^btm  somKiigi). 
A  reddbk  oolaufed  sufailailce^  which  u  left. io  its  tMper«* 
fect»eombofilkMi»  haabeai  eonsidawdafi'wdil  butthnia 
not  certeiD,  nor  it  the  esnttence  of  aoy  well  dtniied  codd^ 
<tfphiM(riiariift  clearly  estaUithe^*  Of  tbes^  two  aeitb  there 
is  reaaoa  to  bdtevethat  the  one  eootaios  doubie  the  tjjmik- 
t^y  of  OKjrgen  o£  the  other.  • 

PhotphiDMrtts  foukuwiA  hydfQgeo  an  elattk  <K»flppoviMl^ 
higUy  iaBmnaiabie^  Its  compoundt  with  tolphur  in  diC* 
fn'ettt  proportiona>  are  li&ewise.  more  infiammabie  than 
pure  pho9idiQt9is.  With  char^Mil  it  appears  to  forai  an 
impecGKrt  cottibiiialknu  U  unitet  with  the '  grtotar  niini-^ 
b^  oCAba  metalt,  and  fonoaeMqaeiiodt  ictainkig  toa  oei^ 
Iiin.extentiaie6allic  lustre.  Thealkalis  atkl  alkaline  earths 
act;  upon  ity  and  enable  it  to  decompose  wati^>  whanee 
pd^kitphnintted  hy<|rQgenis  prodnGied. 

.  liifllinimabie  ^qnids,  as  alkobdi  etfa^^  «id  the  oils^ 
either  ceipressed  <x  Tolatile,  ditsolver  phoapbornsy  especial* 
ly  when  their  actiw  is  aided  fay  a  mqdetale  heat*  The 
soAmsuwis  in  oUs  are  himinoas  when  exposed  to  the  air^ 
with  tearoely  any  sensible  heat.  The  solution  in  albibol 
ipives  a  vivid  momentary  illamination  when  dropped  on 
water^  and  ihe  phosphoms  is  predpitated  frcon  it 


Sect;  ll^^Qf  Phog^horic  Acid. 

.  JPhosphoric  acid  is  obtained  by  the  rapid  combustion 
of  Phosphorus  in  oxygen  gas :  it  is  a  fiocculent  substance 
of  a  white  colour^  which  deliquesces  on  ^qpoiore  to  the  air. 
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Ibe|dio^)bofiis»  Jbfatthn^iifasQU^itsinmmg^midft 
htiioi omygiJi^  the mddfj tlwiafiif e^  connitB^of  40 of phog" 

.  6!ha^>luffic  iocl  i»  ^btaioei  most  eo^BOiiikdfyAoiD  Hm 
deeoDDpositioB  of  )he  {dlo^faiDe  of  time  o(»QtiaaeA  boo^ 
b^  jiilpfabri6  aoidy  by  tbe  pflmaw  jdreoi^  dncribed.  Te 
the  solution  of  super-phospiiate lof Hiub,  liarbootteof an'' 
xbamm  h  added^.tbe  awinonfff  ^f  ifhicli  comUnes  witk  the 
{Aoifiboiic  aoid^  focmi^  pfaospliate  of  aoimoiiiB^  mUA  re* 
mates  in  soIntioiH  while  the  carbonate  of  lime»  isnoBi  I7 
the  anion  of  the  carbonic  add  with  Ae  Ii«i%  is  pmoipta- 
tedL:  the  .(rfko${diate  of /ammonia  is  pnibored  aoKd  by  era* 
poraliaii,  and  heitig  faqpnapiA  to.a  red  heat,  the  amiamiiais 
eapftUedi  aoid/tfae  acid  is  fitsed.  It:  is  Jiaiofe:  tovselda 
a  mimite  portion  of  liine.:.  it  i»  UiiereftireibeBt  nbdHfid'in 
a  state  of  purity  by  the  oogrgwatioii  of  phdsfrfiarat^  TUh 
isdoiie eith^  by  the  aetiip  of  aitxio ixid^  or 


slicks^  fiki09fimKmto  Ihe  air^  in  a  wide  vessel.  In  wkidi 
the;  VapouKS  of  the  pi]K)^fadro]38.acidt  foroied  fajpthespos- 
taneotts  oombaBtioa  of  the  pisosphoma»  are.cifflrieBsgA  A 
fifltaU  portion^  nittic  acid  is  added  to  the  liquid  taoon* 
plete  the  OKygcauitionf  the  wtitar  ds  evaporatedy  and,  by 
raising  the  hcat^  Ifae  pbcafihotic  acid  may  be .  fiisai. 

Phosphoric  acid»  obtained  by  the  combustion  of  phos- 
phorusy  is  a  white  spongy  substance,  which  may  be  melted 
by  beats  but  is,  not  volatile  :  it  attracts  moisture  from  the 
air^  and  it  dissolved  in  nater^  producing  heat.  The  water 
combined  with:  it  canttotagain  be  expelled  from  it  by  faeati 
but  even  after  fusion  and  ignition  it  remains  to  the  amouat 
ftf  nearly  ene-fotlrtfc  ^oif  the  weight.  In  this  state  it  may 
be  naWied  4f]^dik>^ei^oric  aifeid :  it  forms  a  transparent 
gla^  5'  is  deHffttescent^  and  'ieiy  solulde  in  water. 
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oitiei *lf> tkeaUiUUft ondaea?!^ are strcn^ f  and  ki esseeeb 
the  cfdaii  adds^  "vf  hich.  die^^esoocpiioD  of  ^e  fiuotsOf  ihiim 
pBwcr  ef *iiete»Usipg  the  i^aiiBi^  .  vitidoaaiiol 

act ^foancibly <tti the gufaJs -mn »ipflgtniHBbtea»  owiaig  tortile 

ctreagdi  ti  Minify witityAmh  the  loxygeii.M  mlamedjii 
combiiiaitaod  mth<ks  hdie !)  bafc  ift!«ol»buie8  urith  the  ma* 
iiBS&c4andmu  /todttllsffrejnsied^Rhtwphtites.  .^ThettUuN 
line  phosphates  are  sblobie'aindxrjgitaUizable)  and  mck  kk- 
to  a>f^6s;    The  earthy  pfaosphatefi  are  issdybie*'  -  ■  u' 

Pho«whats  tfF  ,PoTASH  can/icaroel;  be  crysl^dluMiDl,  but 
fonti»-8  gehitibolui  jxibss^  which  Mtn»t8  huinidty  frcHti  dbe 
atmospbecse;^ its  taste  i8Bidtoe»  wkh  a  degree •£ «v«aMb» 
ns$k^   iBxpiaaed  to  heat,  it(liqBefieg»  aild»  aftertheexpul- 
tioii«of  thenttter;  is  foied  by  ttred  beetintoi^glaflf.  . 
'^  Phmfbatb  OFSkmA^  a  oilt  eittpfa>y^  iiy  aiedieitie»  k 
prepared,  by  adding  to  the'  ajoidiiioaa  phosphate  of  Smt, 
ebtanied  ftoat  die  decompositiqn^cf  ibumt  boiiea  by  iul- 
pbarie^aesdt'  as  Bimch.  of  a  soidtpoii  of  tarbonatr  of  sodaai 
ftay-be  sdffiment.to^  satunrte  the  phosphoric  aeid|.  phos^ 
pilila  of^lime  h  piteoipiM»d,  .and-tho<  mter  holding  dtsi- 
8tdbi»ed  !&e  pkesphale  of  soda,  k>sepiinited  by  fikmtfoD  ;  by 
ovsporatiofir  idi^  salt  k  crfslsBlimidi  its  fonnatioii  in  r^idar 
'  crystals,  beiog  promoted  by  a  i£gbt  excess-  of  ^dkali.    The 
film  of  the  /crystals  k  4i  riwraboidid  priad.    Th^  efflo*- 
i^esoe  on  exposiire  to  the  air^  are  solaUe:  in  thvee  parts  of 
cold  wat)er,  and  in  half  that  qttentify  of  boiling  water. 
The  taste  ia£  thw  sak  being'  purely  saline,  without  bitter- 
lisssf  kfasH.beesiiitredaoed  iato  the  practice  of  m^dieine 
M  u  substitute  for  other  aperient  salts.    As  k  mdts  easily, 
and  praittiteB  theiasion  of'tbe  eaitfas  and  metallic  oxides, 
k  k  used  as  a  flux,  in  analyses  performed  by  the  blow- 
pipe. 
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PuospUATE  OF  AiiifoiiiA  10  soliiUe  in  fimr  {MOtftof  w»* 
ter  At  the  :tempe»ture  of  .60^  it  qyirtuBrres  ia  ^priuBs^ 
wliicli  are  jueidi^  efflin^eioent  nor  deKqUttCpnt  .  By^  expo- 
nitre  to  keat,  it  18  fused  iMtod'traai&pafeBtglBiS)  md  d&* 
comp6sed^  part  of  its  ammoma  •beii^  ei^eB^d. .  Healod 
with  diarcoai,  its  ^aetd  saflSsra  decoi]^)olitioi>t  lis  oxygta 
being  isbatkactedy  which  ia:  not  the  case  usth  theotlhss 
phosf^tes.  Like  phosphate  of  sodat  k  may  boiUHMi  irilh 
advantage  in  analyses  by  the  Uow-pipe« 

Phosphate  ot  Barytes  is  an  indipid  white  powder,  of 
considerable  specific  gravity:  it.k  insoIaUe  in  winter  ^  is 
fusible  at  a  high  temperstiire ;  and  is  not  deocnnpofi^  bjf 
eatposnre  to  beat  mixed  with  carbomceous  m^ler. 

Phosfhatb  of  STRONl'ifsSy  wben  pedectly  XKtitraly  is 
very  sparingly  sdaUe  in  water,  reqfuiring  about  dCX)0  parts 
for  its  solatio»»  It  mdls  into  an  eiiamdi  bgi  theBameof 
the  blow^pipe ;  giving  a  phosphorescent  li^bt* 

PHdsPHAf  £  OF  Limb,  farmed  by  deeonqDOsfaig  the  sor 
hrtion  of  an  elkidiiie  phosphate  by  muriate  of  ime^  i&^ia 
the  state  c£  a  white  powder,  inscdfAde,,and.whkbis  impei^ 
feetl^  vitrified  'by  a  very  intense  heat  It  cad^s  in  Ae 
niineral  kingdom  under  d^Emnt  Ibnas,  aoine  cf  (heai 
crystc^ised;  and  it  iM  tbe^base  of  calcined  boae.  Wbea 
partially  decomposed  l^  an  aoidr  it  is  ccmvstrted  into  a 
8iipei*-phasphate,  whidi  is'solerible,  and,  by  evaporati^  of 
its  ^lution,  crystallizes  in  silky  fil»es  or  inibriiliaQt  scalesi 
which,  by  heat,  arefiiseil  into.a  transparent  glassv 
'  PhqbpH'Ate  of  Maonshia,  formed  from  die  combioa- 
tion  of  the  acid  and  the  eairthi  crystallvies  in>pBHAns  wbidi 
are  efilorescent,  soluble  in  about -50  parts  txf- c^  watery 
and  in  a  smaller  quanti^  of  boiling  water,  and  which  by 
heat  melts  into  a  glass.     Phosphate  of  Aroil  forms  ^ 
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HBiipid' ponrckr :  it  mdts  before  the  fliMBie  of  life.  Idow- 
pipe  into  a  tri^artot  globofe.  FnovpnAim  m*  w^mcoH 
18 imolBble.  ^JPiiosFHiifB  69!0];>ugiiie  kiii^  fimn  of  s 
«liite  poivd^^  or  of  a  Tis6o«8«iibstaiioey  iiujipidf  and^mso^ 
hiUe  in  svater^^bot  rendered  lolt^e  fay  an  estceat  o£  aeid« 
It  ift  melted  fay  faeat  into  a  transpanmt  vitieom  ^bnle. 
Fmos]mAT%  <nt  Imu^  &riiied  by  oompkai  aftottjr,  iain- 
aehiUei  beii^ thrown  dawn ina gehtinoto preeipitatft,' 
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7ms  acid  i^&cmed  in:the  dpw  oombastion  of  phospbo* 
rua  in  atmo^basic  air*  It  constitutes  the  bcM  of  this 
iirhite  vapour  .which  arises  from  the  surftioe  of  the  phofi* 
phoriifly.  and  whicb  appears  to  j^ecomposed  of.it  with  wa* 
ter  wbicjk  it  attracts  from  tha^  atmosphere  i'k^con4en8es 
ai!id:feriits  a^dense  Jiqnory  which  has  a  smdl  slig^dy  fetid* 
and.a:taste  e^t^reaWdy.soiir.  This,  is  a  mixMure  of  phoa> 
I^orous  an44phQsph(Hrie  acid^«  When  esiiposed  to  heat, 
pwt  (^.febie'Watfir  is  volatilvBcdi  apdasthisproceeds^  a 
vapour  is  formed,  probably  phosphorus  in  solution  in 
watery  vapour,  which,  disengaged  at  the  sur£icey  affords  a 
dense  white  smoke,  attended  with  a  luminous  appearance^ 
visible  in  the  dark,  and,  by  continuing  the  heat  until  this 
ceases,  the  phosphorous  acid  is  deprived  of  its  peculiar 
snieU,  and  is  ccmverted  into  phosphoric  acid.  Frpip  this 
experiment,  some  cbemssts  have  considered  phosphorous 
acid  as  phosphoric  acid,  holding  a  portion  of  phosphorus 
dissolved.    This  opinion,  however,  does  not  appear  to  be 
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just.  ThareseeiM  to  be  a  definite  coiopouiifl  of  phosphor 
Ills  ttid  oacygea  fiynning  plu)Bphonittft  acid.  ^  AcoM^Bg 
to  Sir  H;  Dai^fit  is  QbtwHod  sdiid  by  bit^ii^  phosphe* 
*rB»,in  M  very  fooe  air;  it:  is  Jiroktile  st  avmodMrate  heat* 
It  is  d^nlated  ;to  consbt  of  57.£  of  phosphottis  and  4^.8 
of  oatygmiw  CJombiiied  with  water,  it  folins  w^at  amy  be 
named  Hydro-pbosphoroCis  Apid^  whidb»  wfaea  fined,  vp- 
peaiB  as  a  white  crystalline  solid.  In  this  state  il  is  beit 
obtained  by  subliming  phosphorus  through  corrosire  sub- 
limate of  mercury,  adding  water. to  the  product,  and  eva* 
porating  to  a  thiqk  consistence. 

Phosphorous  acid  unites  with  the  alkaUs  and  earths, 
forming  salts  named  Phoil{dute9>.  These,  in  sereral  of 
their  properties,  resemble  the  pho^hates.  They  are  dis- 
tinguished from  them  by  q>pearing  himinoos  when  heated 
by  the  blow-pipe,  and  by  affording,  by  disttUatM>n,  a  small 
quantity  of  pbosphoras«  Thqr.  detonate '  widi  mty-ma^ 
riate^oi^  potash,  and  precipitate  gold  feomits^sidittion,,tti  a 
metdlic  states  They  >pass  very  slowly  into  piioq^hatss 
from  exposure  to  the  air.  Those  fintned  firtmi  tfaeislkaiii 
are  soluble,  and  erystallizable ; .  those .  fiwrnp  the  earths  - tfe 
insoluble,  but  acquire  tolubility  from  an  egctess  0f  add. 
Th^  are  so  unin^rtant  as  not  to  reqmre  Artber  notide. 


t    I 


Sect.  IV. — Qf  Pkosfhin-eUed  Hy^ogen* 


Tins  compound  of  pbo^phdrus  and  Ibydrpgm  exists  in 
th£  clastic  form.  .  It  is  obtained  by  combining  phosphorus 
with  any  substance  which,  by  a  resulting  affinity,  shall 


p{«ftt>feiU  ta  fiocon^iMMe  wat^.  Tbus,  ii  om  pint  of  ,p|i^fr 
pboffils  is  hevt^  y(i(li  10  or  li^{M»r^  of  «  «<^|ij9i»  :l^  P^ 
itMlp»  the  alkulit  ex«rtt  ^hj»  opei^tJM>iii  omt  pofti^  oi  ^ 

4»i«ojfed  byi%kQ,hjdfngi^^  ShB  ^ieopw^fNif^  ii^4(«Vk  awl 

pta>$^boru»itQ:p88SLM)  tfpott;^o[ver  lime  liH^sed  ill  a  idMl, 
wImc^  isnaJue^  to  a  r^  he$L  TUs  pbdspbiirel  of  lime 
ij^pt  into  ^iiMfr  iiMWify  df»ywMpl>aea  ii,  andrtA^qpiiwetr 
^  )>$<iit^^8^A  Wtti  ill  tb^  gasecMi&'fiMFiD^Tthe  ii»€  favoiiriiig 

>d«««f  ialb^ '«*ller  pnmoM*  it'. 
/  The  ^tingttiiiidiig' propeftjr  €if  t^  gas  isite  Ivigb  » 
fiiifxymlMlkyt  is-  conse^tieoee:  of  wUch  it  takts  fire  wiwA  It 
(t9  pieieiltBd  ibQ.the  atmospjietie  air.  It  caimot^  irilk  ^afe« 
:t]r»  be  Ifiixed  with  this  air^  e«esi:iii.'«ma]lqiiami^S'$  it  is 
iber^fbre  meveljiallcvired. to  ixiTn *aa  k  escapes  frpm-  ^ 
wafcf'Ui  i«Udirrlbtiexftranit|^  4)f  Uie  vetort  eootaiiiiiig  the 
matetiak  pvodiuoiiigi  .it  ni  imiikeised.  Preseaited  ia  MUgfe 
babUes  to  oxygen  gas,  its  combustion  is  still  nK»re  violent, 
and  is  accompanied  with  intense  light.  The  products  of 
the  combustion  are  phosphorous  acid  and  watery  va- 
pourf  and  a  stngidaar  appearance  is  presoited  1^  these :  the 
bubble  of  gas^  as  it  escapes  and  inflames,  expands  into  a 
hotmM^  ting  df  light  white  yi^ur^^  ivhich  enlarges  in 
4ia«xeter  a&  it  ciaes,  until  it  breaks  ;  diis  ia  phosphorous 
acid  wafted  by  tha^wateiy  vapour,  a^d  it'  owes  this  form 
"tQ  tlm  eccentric  impulse  of  the  esplosion; 

Thiis  'gaa  is  permaoently  elastic }  ii'  is  sparingly  soluble 
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mw$Lt€r^  its  smetl  is -fetid,  very  similar  to  ^mt  ofpntritt 
aniiiHd  imtter,'  though  more  faint.  It  has  no  sensible  ard«- 
dity«  Bjr  remiilning  over  vraterit  is  decoinposed.  Ffobi 
ihe  prcidfiicts  of  its  eomhtiitioil,  it  is  obviiiiiis  that  it  ii^  a 
compound  of  phosphotas' find  hydrogen.  Its  elements  a^ 
pear,  too,  to  combine  in  diAfretit  proportions,  for  it  varies 
in  speeific  gravity  as  much  ks  from  (K^SS'to  0.852,  and 
ihe  gas  disengaged  at  the  tommenoement  of  ihe  pl^ooesr 
by  wfaidi  it  is  usually  obtained^  is  not  so  highly  inflamtna-  • 
ble  as  that  which  is  afterwards  formed.  Sir  H.  Davy  has 
describe  another  compound,  of  phosphorus  and  hydrogen, 
obtained  when  the  solid  product  of  the  actkm  of  oxynm- 
rtatic  gas  on  phosphorus  is  mixed  with  water,  and  decom* 
posed  by  heat :  a  portion  ijf  &e  oxygen  of  the  Water  con^ 
verts  the  phosphorous  acid  of  the  product  into  phosphoric 
add;  and  the  hydrogen  dissolving  a  portion  of  {Phosphorus, 
fi>rm8.a  gas  which  is  not  spontaneously  inflami3iaUe,  but 
detonates  when  mixed  with  atmospheric  air,  and  heated  to 
212^  Its  smell  is  unpleasant,  but  not  So  fetid  as  that  of 
I^ospburetled  hydrogen ;  its'  specific  gravity  is  0.87.  It 
is  stat^  to  consist  of  4.5  of  hydrogen,  and  2fi.5  of  phos* 
phorus.     He  names  it  Hydro-phosphoric  Oas. 


stt 


SpcT.  y .-^Of  Pkosphuretted  Sulphur. 

Sulphur  and  pho^horus  combine  by  the  appKcation 
of  heat,  the  mixture  of  them  being  usually  heated  under 
water  to  avoid  the  combustion  of  the  phosphorus,  and  even 
the  experiment  in  this  way  requires  to  be  conducted  with 
cauticm,  and  on  small  quantities.    The  compound  is  more 
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fiisible  than  the  phosphorus  alone ;  its  fusibility  ]»  greatest 
when  it  is  ibrmed  from  about  equal  partSf  the  maas  remain- 
ing liquid  at  tempwatures  above  60^  $  in  other  proportions 
it  is  ^solid  hut  soft.  In  its  formation  a  portion  of  water  ap* 
pears  to  be  decomposed ;  and  when  th^  heat  is  raised  a  lit- 
tie  high,  pbos{Auretted  hydrogen  is  disengaged,  and  some- 
times so  rapidly  as  to  produce  aH  explosion.  A  portion  of 
oxygen  therefore  probably  exists  in  the  composition,  of  the 
compound.'  Dr  Briggs  gave  a  {Mt>c6ss  m  whiohtbe  sul- 
phur and  pilosphoruB  are  combined  in  the  dfy  way :  iieat 
being  applied-  to  them  in  a  tube  firmly  corked  by  plonging 
it  in  warm  water,  and  raiding  the  tieat  gradually  juittil  the 
water  boil.  He  has  observed^  that  .this  compound  i»  diffis- 
rentfttMn'thatfoimed  under  pater.  When  a  small  pro,- 
portioh  of  aulphur  has  been  used,  it  is  solid  whm  cold,  and ' 
has  a  orystidlized  appearance^';  the  other  is  spongy  and.fri* 
able.  The  £»rmer  is  less  inflammable,  than  the  laUer,.  but 
is  ren4ered  equally. inflammable  by.lcindling  it.in  the  Mibe 
with  a  ^ol  wir^>  and  allowing  it.  to  bum  lor  a  few  seconds, 
oxygen  pmbdbly  being  communic^ed  to  it  from  the  aiir^ 
o^  fiioni  the  water  formed  by  the  combustion. !  Both  are 
ntoreinflareraahle  than  pho^horu6,  and  hence  these  com^- 
pounds  are  employed  in  forming  the  phosphoric  match  bot- 
tles j  a  veiy  smaU  proportion,  however,  of  sulphur  be^ng 
added  to  the  phosphorus,  as  with  too  large  a  quantity  the 
compoimd  is  soft^ 
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CHAP.  V. 


OF  BOJl^CIC  ACIU,  ITS  BASE  A»D  COMBINATIONS. 


1  HE  salt  liaiQed  BonqL  Jias/ Jfing*  b^n  .k|ioiv:«  i«  som: 
'  iBfi»k:e^  and  f^ptidd  ^  iiotneuse^  intbe  .ar^  It  isajitlive 
productipD  bfiott^t  ftom  .Thibet  in  an  unrefineiiiatf^^aBd 
cdasdsU  of  fioda  eombidedwith  a  pet:uUaria€id»  wbich^Jbas 
derived  bma  it  tliejiaiQe  lOf  Boracie  Add*  The  acid. is 
procured,  either  by  dissdwiQ^  the  borax  in  wom*  water»  and 
adding  suljdiuriciaeid,  viJiidiiooiabiQQs  vith  the.aoda^'the 
solutbn  on  cooling  depoaitiiig  the  acid  iaeoft8caIeis9»wIiich 
are  freed irom  any  -adhieidiig.sidphiurie  acid  or  so^phate  of 
^  soda  by  a  second  cryslaJlizatioa  9  or  adding  to  .sai^phiiric 
aeid^  dilated  with  an  equal  weight  <^  water,  two  parts  iof 
boraoc  in  powder^  and  applyinga  moderate  heat;  the  sbL* 
phuric^d.oambineswithtbe  soda^  the  bovadc  ucid  i&fo^ 
latilieed  by  its  affinity  to  die  watery  vapouiri,  and^axudenass 
in  scales  in  the  nedc  of  the  retort.  - . 

Boracic  acid  submitted  to  the  action,  of  galvaaisa.  or  of 
pota^ium,  undergoes  decomposition.  The  efieats  k  bast 
obtained  with  potassium.  Equal  weights  of  diy  boarade 
acid  and  potassium  are  exposed  to  a  red  heat  in  a  glass  or 
copper  tube ;  the  mixture  at  the  heat  of  SOO^  becomes  ig* 
nited)  a  small  quantity  of  hydrogen  gas  is  disengaged^  pro- 
bably from  th^  decomposition  of  u  little  water  in  the  acid  ; 
part  of  the  acid  is  decomposed,  the  potassium  is  converted 
into  potasbf  and  a  substance  of  a  dark  grey  colour  remains 
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inijCed  with  potash  atid  borate  of  potarii ;  these  are  abslriicfw 
edxby  the  action  of  waler^  m^  the  coloured   substance  < 
remains  undiasolved.     Gay-Lussac  and  Thenard  described 
its  principal  properties.     Wlien  dried  it  forms  a  powder 
of  a  greenish  brown  colour,  which  is  insipid  :  it  is  neither 
filled  nor  vc^ilized  by  heat,  but,  as  Davy  has  stated,  be- 
ccwpes  more  dense :  it  is  insohibte  i]n  water  or  in  sJkohol, 
neither  does  it  decompose  water :  it  is  not  acted  on  by  oxy.. 
gen  at  ^  common  temperature  j  but  when  raised  to  a  red 
heatf  it  b^^ns  in  atmo^berh^  air,  and  ftiore  vividly  in  oxy- 
gen ga« :  the  product  of  the  combustion  is  boracic  acid :  itr 
is  oxygenated  by  nitric  acid*,  and  also  when  heat  Js:  ap- 
pKed»  by  sB^hn^ic  acid,r  and  it  takes  axygen  from:  a  nam- 
ber 4:>f  coG^^cmnd  salts  and  of  metallic  oxides. 

Th^re  can  be  little  doubt  that  this  substance  U  the  base 
c^bora«ic  add,  or  at  least  it  stands  in  the  same  reb^n  to 
that  acid  that  sulphur  does  to  sUlphsric  acid,  «  carbon  to 
carbonic  add.  Sir  H.  Davy  has  giyen  it  tb^  name  of^Bd* 
rim.  From  its  oxygenation  by  nittic  acid,  Gay.Lussac  and 
ITiward  inferred,  that  the  boracic  acid  contains  one-third' 
o(  its  weight  of  oxygen  combined  with  this.base.  Sir  H. 
Davy  supposes  the  acid  does  not  oontain  much  less  than 
two-thirds  of  its  weight  of  oxygen. 

Boracic  acid  is  in  tiie  form  of  white  brilliant  scales,  soft 
to  the  toophf  the^i  appear  .to  consist  of nhe  real  acid  in-  : 
combination  with  water  j  the  quantity  of  water,  according^ 
to  Sir  H.  Davy,  is  about  QA$  ,•  its' taste  i$  bitterish,  with  a    ' 
slight  degree  of  sourness ;  it  reddens  the  vegetable  colours. 
It  A  not  irftered  by  exposure  toAeaiKi  is  soluble  in  20 
parts  of  cold  water,  and  in  5  of  boilmg  water.     It  is  also 
soluble  in  alkohol,  and,  what  is  a  distinctive  character  of 
it,  gives  to  the  flame  of  aUcohol  in  burning  a  grden'  colour. 
Exposed  to  heat  the  hydrated  acid  swells  and  yields  wk- 
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ter ;  when  the  heat  is  raised  to  redne8&|  it  is  fused  into  a 
glass,  which  is  soluble  again  in  water.  By  the  most  in- 
tense heat'it  is  not  volatilized ;  but  if  water  be  present  the 
aqueous  vi^ur  elevates  with  it  a  portion  of  the  acid* 

Boracic  acid  combines  with  the  alkalis  and  several  of 
the  earths,  forming  comfKNinds  named  Borates.  The$e 
retain  the  property  of  communicating  a  green  colour  to  tbo 
flame  of  alkohol.  They  are  .decomposed  by  ail  the  acids, 
the  carbonic  excepted,  in  the  humid  way ;  but  in  the  dry 
way,  the  boracic  acid,  from  its  great  fixity,  is  able  at  a  high 
tssmperature  to  decompose  those  salts,  the  acid  of  which 
has  a  tendency  to  assume  the  gaseous  form*  The  i^lkalme 
borates'  are  soluble  in  water,  the  eajthy  are  the  reverse.     ^ 

Borate  of  Potash,  like  the  other  borates,  has  a  ten- 
dency to  (oT^i  with  an  excess  of  aikali ;  it  is  soluble  in  wa« 
ter ;  by  slow  evaporation  its  solution  affords  prismatic  crys- 
tals, which  are  not  changed  by  exposure  to  the  air.  It  is 
fqs^d  into  a  glass  by  fae}t. 

Borate,  or  rather  Subp-bobatx  of  boba,  the  Borax  of 
Commerce,  is  a  native  production,  being  obtained  irom  a 
lake  in  Thibet,  from  the  sides  of  which  it  is  dug  qp,  and 
where  there  appears  to  be  a  constant  reproduction  of  it. 
In  the  state  in  which  it  is  imported,  it  is  impure,  but  is  pu- 
rified by  cakiii^tion,  solution  and  crystallization.  In  the 
st^t^  in  ^bich  it  \s  met  with  in  the  shops,  it  is  in  the  form 
of  crystalline  masses,  of  a  figure  irregular,  but  approaching 
to  mx  hexaedral  prism.  It  is  not  perfectly  neutral,  but 
contains  an  excess  of  soda,  which  seems  necessary  to  cause 
it  to  crystallize,  the  solution  of  the  neutral  salt  formpig  by 
evaporation  a  gelatinous  mass  :  it  is  soluble  in  12  parts  of 
cold,  ^nd  in  6  parts  of  boiling  water  $  it  is  very  slightly 
efflorescent",  wbep  exposed  tp  a  moderate  heat,  it  melts  fix»n 
the  water  of  cryistaDization  it  contains  y  when  this  is  era* 
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poratedi  there  remains  a  spongy  white  mass,  yarned  Cal- 
cined Borax.  If  the  heat  b^  raised  to  ignition^  this  is  melt-i> 
ed  into  a  pellucid  glass  which ;sufiers  no  decon^)osition.  It 
is  decomposed  by  the  greater  number  of  the  acids  and  by 
potash  and  the  earths,  the^former  uniting  with  its  alkali» 
the  latter  with  its  acid.  From  the  facility  with  which  it 
melts  and  brings  other  substances  into  fusion,  it  is  of  use 
in  some  arts,  as  in  making  of  glass,  especially  the  finer 
glass  for  imitating  the  gems,  in  assaying  minerals  by  the 
blowpipe^  and  in  soldering  the  more  valuable  metals. 

BoBATE  OF  AMMONii,  though  .tittle  known,  has  be^n 
described  as  being  obtained  by  evaporation  of  its  solujCkm 
in  pifismai;ic  brystals,  of  a' sharp  taste^  and  which  ^chan|ge 
the  vegetable  colours  to  a  gree&i  evidetitly^/th^efore^  £pii- 
tiaining  an  excess  of  alkali. 

£^ORAT£  OF, BABYT£fi.--r-Thiscompoimdj  farmed  by  ^d- 

iiig  j)oracic  acid  to  barytic  w^er,  is  pl)*ecipitated  in  Jthe 

&ria  of.  a  white  powder,  insipidf  and  insoluUc-^BoiUTB, 

!aF  Strontites  forms  a  similar  pirecipitate,  which  dissoktts 

in  ISO  parts  of  boiling  water.— n'Borate  qsf  Limb  is  preci- 

pitated  in  the  state  of  an  insoluble  powder>  white  iind  in- 

'Bipid.-<-6oBAT£  OF  Magnbsia  is  obtained  by  evaporaticm, 

in  a  crystalline  mass,  of  no  regular  fo^m;     Withthi6ad- 

rdltion  of  lime,  it  forihs  a  mineral  substance'  known  by  the 

name  of  Boracste.    It  occurs  crystallized,  in  cubes,  which 

a^^  so  hard  as  to  scratch  ^ass ;  8emi*^transparent$  of  a 

'white  cdour,  with  a  dsining  Instrc-UBoRAm  of  Aboil  is, 

-cAitained  by  evaporation  of  its  solution^  in  the  formvbf  a 

viscid  substance,  through  which  minute  crystals  are  intei>- 

'  spersed,  having  a  vecy  astringent  state. 

'  Boracic  acid  acts  very  feebly  on  tlie  metals,  but  may  b^ 
eominned  with  their  oxides'^y  compled  affinity. 
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1 

OF»MURIATIC  ACID,  OXYMURIATIC  ACID,  AND 
THEIIl  COMBINATIONS. 

X^ROM  Sea  Salt,  an  add  is  procured  by  distillation  with 
sulphuric  acid,  formerly  known  to  chemists  by  the  name 
of  Spirit  of  Salt,  now  named  Muriatic  Acid*  It  exists  as 
fl  permanent  gas,  but  is  condensed  by  water  in  very  large 
quantity,  and  forms  a  liquid  acid  of  considerable  strength. 

This  acid  bad  alwoys  resisted  the  usual  methods  of  che- 
mical analysis.  The  evolutioa  of  hydrogen  in  its  action 
on  metals,  and  the  production  of  a  certain  quantity  of  the 
same  element  by  the  action  of  the  electric  spark,  had  led 
some  chemists  to  ccmclude  that  hydrogen  is  its  baSe ;  but 
these  facts  were  considered  as  more  satis&ctorily  accounted 
for  from  die  decomposition  of  water  combined  with  the 
add*  .  This  water,  however,  had  been  supposed  to' be  in- 
considierable  in  quantity,  and  not  of  much  importance  in 
its  relation  to  the  acid.  To  Gay*Lussac  and  Thcnard  we 
owe  the  discovery,  that  it  amounts  to  nearly  one-fourth  of 
the  weight  of  the  add  in  its  gaseous  state,  that  it  is  combined 
with  it  by  a  powerful  attraction,  and  that  without  this  com- 
bined water  the  acid  cannot  exist  in  an  insulated  form. 

While  these  chemists  drew  these  conclusions  from  thdr 
experiments,  they  observed,  that  a  diffei*ent  hypothesis 
might  be*advanccd,  on  wbiclf  the  results  could  be  e&plain- 
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'  ed«.  Thk'tbey  (fid  n<^  defi^nd,  bot.it  faat  sinoe  beetki 
maintaioed  by  Sir  H*  Davy  i  and  before  f>rooee£ag  todie' 
history  of  the  acid/  it  will. be, necessary  to  giive  a  brief 
view  of .  the  «opjnions  >w}iidb  are  thos  at  present  held  wkh ' 
i:egard  to  its  chemical  constitution. 
.  When  muriatic  acid'  is  distilled  from  substances  which 
impart. oxygen  )readily>  asifrdm  black  03»de  of  manganese, 
it  iisk .coi>Terted:  lOftp  wha]t -iias  beea'  mqiedOxymnirJatic 
Acids/a  substance  Vbipb  ^s^isl^id  the^^^seous  form*  and  is 
distifigiiished  by  very.;  peculiar  properties.]  ;  The  manga- 
nese losing;  a  quantity  of  oxjugen  in  this  ex()ieriment>  the, 
muriatM^:a^idyJt  was  iniferredi  coiaMlies^th  ibis  oxyg^, 
and  the  oxymuriatic  acid  is  the  product,  of  thiil:  qombinan 
tion,)  a  Goilclfision  which,  appeaj^d  to  be  coD6rmed  by  die 
&cty  Ihat:  when  oxymuHalic.acid  cond^sed  by  Water  is 
expoa^'to  the  rays  of  the  sun^  Qxygengas  is  given  outi^ 
•  ;  the  oi^j^muriatic  acid  disappears,  and .  miiriatic  teid  re* 
mains  <coQ»bined  with  the  water.  '  Both.  ah^ysi%  aod  syn- 
thesis 'appeared  thns  to  ..concur  in  proving,  th$t  ^s^ymurian 
ti«  Acid  is  a  compound  pf  iQMriatic  Kcid  anf}  oxygen* 
'.  G^yrl^usscus  and  Tbeiurd  :ft>iM»d,  that: when;  equal  vo-. 
himes,of  oxyqnuriajdc  g&^  aod  hydrogen  g^s  are  mi^ed.and 
exposed  to  light,u'they  act  chemically,  apd  are  converted 
with  »)iltle  or  no  cond^sation  into  muriatic  acid  gas.  If 
oxymudatic  aci4  be  a  con^pound  of  muriatic  acid  and 
QXyg(^n,.this  r^ult  must  be  considered  at  arising  from  this 
Qxygen  combining  with  the  hydrogen  g^s,.  and  forming 
water,  which  the  muriatic  acid  retails  in  combinatiinr 
witli  it  in.  the  gaseous  form  ;  and  from  the  .quantity  of  hy- 
drogen which  thus  disappears,  it  must  be  inferred,  that 
the  quantity  of  water  formed  is  equal  to  0.25  of  the  w:eight 
•f  the  muriatic  acid  gas.    They  accordingly  found,  that 
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Dvfaeis  Boniiatac'aGid  .gas  is.  jireteiited  tosiibstanees  with 
"idadt*  «caiiB  jcomUnaf  ^                      product  is  one  hsmg 
no  grectt  attraetioa  m  m^lier,  < a. quantity  equal  to  lhi&  is 
xiindered  seiHiblr^-^inurllitio  aoid  gasi  finr  esutnipley  yidcU 
ing,  when  transmitted  overoadde  of  silver  or  o^ldeolleails 
'  OJSfi  of  its  w^ig^t  of'water  :•  ory  ^Wben  th^  acid  -gan  adts  oa 
metabwhich^  whebaidiMiby  the  resulting  af&iky. of  an  aipid 
^ec»iiipaa&  ^ierv^l^dvog^n  gas  b  erolv^in  a  prG^pi»*tibn 
oqiMtta^faat  woaild,4^;E^Ep^«kad  by  4)i» '<)aaiitity«    TJiei^ 
fiwcts  appearbd  to  pymi)^  ^at  oseyi|iii^atic  acid  is  a  com* 
poUnddf  reidjttanuitk^d  i#fa>o%gi^n,  as^thati maria<i- 
ti<5  add  gafr  eaiMi«t»of  tbis^real  atiiS^Nrkii  onerfblittkoltlus^ 
wei^of  tliii$gas^dfisond>ine4)iiiiater« ,,    ' 

l^cis^^dxeiijdstft  Sirther ^shenf^^^tbat  tbeitfdd  cawcyk^e 
obtaiili^  ill  ail  ii»iik«ed$tato Without. diisv^i^^  FiteL 
e6mpbali^  in  wbiettit  estis^)^  from  dfyti^uriate  of  poiadfy 
oi?  of  ^^  for^iesanipla^  il  eaQnot  be  expelled,  \^  the  mo# 
itttense  lle^ty  tfiddd^t^n  by  the  affiiiity  of  anbthei^  adiitt 
the  base^  %Blesfc  .(bis*  aeid  bc^titain  ^alerr  or  unless :  a  litU^ 
water  be  aijdecif  biit  if  4iUi  be^  <}oiie^  th0  ^^lesigagimeM 
of  niifi^iatii;^  dieid  gas<  ^Ss^ly  liiSted  'pbiee4  And  fiir  &e 
s«ttie^i%ai9etr,'OS:yg^  eik^idib  %tf  abittaeteiil  IN^  oi^^ntti^ 
rletiid  ftdd  unlesib^fekh^r  water  be^  afi^ini^  to^  iidmit^tf l^ 
ti^nsition  of  itB  inuriatio  iaoid  to  an  insUiM^d^stalef  or  ubIobs 
die^iatiblrtlittee  elcerting  ssi  att^aetion  to  its!  oaQr^a  finrili  as 
taidifl^^  l>todaclv  whic^  eiterts  an  adniity  to, murine 
add,  ari^  with  w^itb}  the  real  ^eid  eonijbJ^'i^.  Henaoa  Uie 
real  acid  is  not' inatiy  dase  obtained^  but  ie  always  either 
sef^arated  in*  combination  with  water^  or  enters  into -a  new 
combin^tioTi.  -     .  , 

AH  these  phenomena  tnayj  howfever,  be.explainiedin  a 
different  manner.     Since  muriatic  acid  ga$  is 'the?  only 


. 


seMtUe  {)iiod«ct  of  die  moAifld  actk»  of  h3fdn>geo  Ml 
dkjrmtiriftthi  gases,  it  muf^  ififorredi*  that  muUiHfc 
is  a conipound of  .diese,  aflnd'^tkat  lliehrindtiml  action  in  a 
case  of  sinii^e  combiMti^ik.'  -  Tiae  dtepuritmn  ^  iratef 
IM^I^  oiseiirs  when  tnoriatic  ii(M^gBiAk'ft^$mied  to  aaM* 
&Uef'biMd^a^iiietoliie  oiUk^toi  ^abpfoi  may  be  tht 
too&8^iiMeeof  the  decomfxisitiMtdfili^ifeidpIttilijrdi^^ 
uniting  ^tii  the  da^geb  <tf  the  txiiide^  lUidfimiliiig  df i^ 
V9^^y ^iletke otbor eleaddbrt tif  f he iacki)  ilki&kymaiar 
lie  jxrbioi^e,  ebmbittea  wiA  the  ubeta).  Th^ievoluliM  of 
iy^ogi^'t^iefa  atleiidii  tts«actiim  enttett^'Ma^^  in  like 
fttaM3^5  hie  id#itig  to  ito  deddttf|#cttiliotii  thli>«rpiiiiirittie 
deifiem  oomHning  wiiii  the  ttietai,  andihe  l«3^n^gte4M>- 
Mai%  dtelilated.  'fhB4g6oef  itf  i^^^t^,  iii  ikv«>i»fing  tli^ 
^a^tfii  df  p»l»iatio  add  ftoni  dl  tikae^^oM^wkda,  miy 
be^^aH  df  eantihg  the  refii'odiieiito  <tf  ^ie  &e^i^<lw^l#)pdy^ 
gei^^^df  tbe  ^ateir  eombibittg  ^iri^  tib'^miiHaiio  iioidf 
while' (til  0!S^gen  tinltfefl  ivith then  dktid'^ 

production  of  oxyttiiiviftrte^jg^  bl' c^gtiffing  lfltilriati6  «^ 
A^  -  0Ub«iMcM  #hiGh'  ii^a«t:  «i^vfg^^  PMy  be  Mrln^  to 
llie'dxygen  €ombfaiiBg>  wkh  :thtt  faydr^geibi  df  ih»>iMfii 
iftiitotfig  water,  wii|e  file  ^  oa^ywiriaiifc  /gas  ii  libenitiMli 
Tfalki  liHthtite  fiietainay  te  Mptiaiied^dii  ilM  triW  of  thJi 
owfeUtatioft  of  BBuriatie  »d  dKyamftiii^  «eids$  i^ Hb 
ox|^^  beli^  t*flq|^b|ie  t>f  bcteg  abstrat^ied  fmm  oitynitti^ 
iie  «ctd>  ilnl^M  wat^t^  be  preset  wbiseh  majr  flffi>rd  it,  there 
k  jio  t^idend^,  it  ift  eonieaded,'  iii^t  ootyinilMtiflo  gas  k  a 
cotopdUtiid,  but, oh thetsotitraff,  the  most  stfict  inference 
18,  iMt  K  iit  a  simple  bddy.  Sir  H<.  Daty,  r^u^g  it  air 
such,  considers  it  as  an  e]enietit  bdbngitig' to  .the  same 
dass  as  oxygen,  formkigl&e  it  by  combination  with  in- 
flamm^les^  iind  jnettdsf  eompoondi  analogous  either  to 
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acid^or  o3tid^si  aoA»%  itklkhyK^vf  the  tern^ exftnuriatie. 
$icid  MoM  be  itnprpperly  9{S(>lied  to  it,  he  hj!^  gtv«i4l> 
(from  one  of  itfi  most  chfiii|ct^i!t«tic  properties^  its  ydlowr 
ish  gre^  f^oIouFi)  the  wme  of  Chlorine. 

It  19  not  e^  to  give  a/d«»tinet  and^eondiaised^vtew  of 
a.  subject  siol  opmpltc«ted»  but  I  shall  endeavour  to  slate  the 
question  JQtbf^sinifSe^  fiMTfii)  without  entering. on  distaiis 
igcppsiMent.  mih  the  plan  ^f  an  dieoientary  w^rjs*  r 
.  The  leading  faetris,  :that  jcbwoxym^riirtSc  gas  and  hy- 
drogeQ  ^sare^ubmittedio  jioial;iiaEl  a€^tion»  inuriaticacidg^ 
is  the  only. sensible. productk.  -  I>td  we  know  n#ihingo£dM^ 
cpnstitutioi3t.'of  muriatic  a<Qid>ga[si,  the  <Ettrect  eoncldsk^nfitaii 
this.^xperi0ifnt!raukl  b^  ^tbat^lt  h>»yca^.0f\9imfk  comt 
bipatian|,.and^lh^ty;ther<l6>re»  Qinriatic  acid  is  a  ecMBpoimd. 
of  these  two  gaa^«.  But  {before  idirawjng  sueb  a  cob^q^^i^ 
it.  ifs,  nece^vy^  jf  #p^are  tQ  gaardagainsf  ^be^^rdr  of  hasty 
gener^il^litipn,  yU>'Mqmtt^.  whether  murislika;  acid  gas^  is 
r^I;ii)l^iatii:  aeidu^  PQt  If  itis^  thein&r^€^is»}ust|  if 
it  i%^  npt,  sQmis  .oCJbier  ik>qdusioQ  M^t-  be  dr^airn* 

.  When  we  subput  muriatk  actid  giis  to  the  aelioti  ot^sih- 
slices  ^ith.wbib^h  acids  iQfge|i)$¥al<39i]^biiii&)>and  by  which 
they  areneutraUaedy  (alicajiis  £>f  .esaso^e,  eartbaor  metal'> 
lie  oxides)>  thefe  i^  this  apparent  neu|raliaat»on,  aiid  9t  the 
sami^  time  a  cpantity  of  waller  .!»•  obtained.  The  i90st:  i^- 
pie  ^nd  direct  conclusicHii,he]:e^  is,  that  the  a^oid  iajod  th^ 
base  hay e  con^bined  together^  and  that  the  water  obtained 
al^ye  that  which  the  b$^e  may  haye  contained*  has  been 
derived  from  tbeiinuriatic  aoid  gasr^ha^  muriatic  aiad  gas, 
therefore,  is  ^pt  the  real  ^id^  but  contains  a.  portion  of 
combined  water.     »  -  .      . 

Is  this  eyidence:pf  the  existetiee  of  water  in  muriatic  acid 
gas  condusi^e?  All  that  can  be  said  in  Teplf  to  this  i%  that  it 
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k  tbe  ifame  ns^  tbiit  by  nrliidh  tl^  acistoiicfe  of  eoinbinad  wa^ 
lec  in  othlM*  aeids  i»  proved :  tbe  pbeiiomena  in  b[o1^,^;a«e» 
are  preci^ly  alikei^^tbe  apparent  neutralization  of  the  a**. 
cM  and  of  tbe/bistse,  the  fiMrm4^tk>ii:  q^a  product  havir^  sar 
liflie  properties,  lUid  the  pf«doptioQ'of  |t  quaptUy  of  ii^ateiv  ^ 
tfwe*add  aulplmrio  acid  taoxi^Q^fi^^lefid,  tbere-will  be  the 
m^tXBiixaiimi  of  tbe  acidi  li^ei  Ibrination  of  a  cpinpound  of 
luting  aoJiibifilfy,  and  a  portioii  of  tj^tt^p-  will  be  obt^ned. 
I£iiitrtQ  mid:  vapour  be  tradsoiittedpv^  potasby  the^$  wjll 
ha  ij^  fmiltiijal  neutPaliaati<Hit  of  the;  acid  and  aHc^li,  the 
{(rodUctian  of  a  saiise  isoasip0vnd;  from  which  water  Cftp  be 
expelled  by  heat,  exoef4i9goiPr;9ttatitity4he:;i|i'«tef  which 
th^fpfftaibi^contained.*  WericQnsikMr.tbe  proo^Jrom  these 
fifGta.as'Coneliiaivey  thatceiBbiil^  ^Ker-  has  existed  in 
tbeseracids.  But  the  pbeAom^nafnooi  Jlije  at1ii0i)t^niiirir 
atic^cid.  g^  on  oxide  of  leadi?  or  <)iip^tafib,  >ftr^  Qisac^ly  the 

» 

aame,  and  migfet  be  justly  ati^edriii<^be^fry.  same;  terms. 

> 

The  iffduction '  e^dUy  follows,  tbereiK^re^  .that  it  contains 
combined  water ^-  and  rett^  on  evidence  th^  same  aa  that 
whieh  isadmiited  to  be  oondnsive  with  Regard  to  the  pthers« 
•  The  only  peoiiharity  with  regaird  to  muriatic  acidis  pn^ 
^little  importance,-- that  of  its  existence  in  combination 
miA  water,  mthe  gaseous  form,  at  natural  temperatures, 
ft  is  obvious  that  ^ia  makes  no  essential  distincftion.  Tem- 
perature is  merdiy  relative,  and  a  priori  it  is  ju^  |u  pi:o-  ^ 
bable  that  a  compound  o(  an  acid  with'  water  should  be 
gasedua  as  thait  it  should  be  liquid  or  solid.  Yet  it  is  tery 
^robable^  that  the  not  attending  to  this  obvious  conclusion 
has  been  tho  cause  of  any  diflSiculty  being  supposed  to  be 
attached  to  the' admission,  that  muriatic  acid  contains 
combined  water,  aod  that  hdd  this  acid,  like  the  sulphuric 
or  niiric,  been 'liquid  at  natural  temperatures,  the  ifsfe- 


im 
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r^hce  would  have  b^n  ^tqftted  with  regtfiil  ta  it>  with  as 
jfmeh  hciiity  as  a  siMilar  inference  with'  regard  to  these 
add».  *  ■'        -  * 

-^  The  nature  of  murktm  acid  gas  being  ibtts  i&seeftdned^ 
.  ittid  the  existence  pf  cdifibined  water  iii  it  being  estaUbhedi^ 
We  are  enabred  to  dra#4fae  jiist  condusioii  with  regard  to  iik 
production  fihom  th^  nnitaal  action  of  oxyfnurii^ic  and  fay^- 
drogen  gastes,  No  other  eondnsioh  can  be>  drawn,  t^aa 
thai  th^  oxyninriafi^  acid  gte  is  a  oompound  of  muriatic 
Hcid  and  oxygisn,  and  thbt  ^  dxygen  etitdrs  into  union 
with  the  hydrogen,'  forming  the  wati^r  which  the  add  hdd$ 
combined  with  it  in  the  jgafi^M  ferm. 

The  tyrincipal  con<^htd^n  bemg  tbi^  estabiisfaed^  it  & 
sca^%  neceitoiy,  in  tbiti  g««mil  tiew^  to  pmseente:^ 
discussion  in  its  more  mintttef-detailf.  It  is  enough  tawkf- 
tovtrkf  (as  I  have  X  trust:  sufficiently  shew»  at  the  ooitH 
meneement  of  Che  idontrbvlfriry  on  ibis  ^|U!eklof» ^  Nidmlk 
son's  Jbtirhal,  voL'  2B,  6i6J)  d^at  no  eNrkteica  more  dancIW- 
sive  has  been  brought  forwdtd.  i^  si4)port  of  the  new  hj^ 
pothesis,  aiid  that  its  OKpkinations  arer  iitm^  cdmfdicatda^ 

^  lihd  more  at  variance  with  analogy  than  those  of  the  oppo- 

» 

site 6fHnion.  •  •-        ' 

*  What  dssutnptioti  can  be  mdre  gratuitous  &an  that  when 
muriatic  aeid  is  presented  to  a  metalMc  oxid^  both  the  oxu 
ide  and  the  acid  are  decomposed,  the  oxygai  of  the  one 
uniting  with  the  hydrogen  of  the  dtfaertp  fovm  water,  white 
^"chlorine  and  the  iheud  combine?  Or  what  oonclusioii 

0 

more  diifect  and  simple,  br  more  conformabte  to  analogy^ 
than  that  the  acid  and  tbe  oxide  enter  into  combination,, 
producing  mututd  neutraliz^etion,  and  liberating  any  com* 
iM^ed  water  which  the  aeid  may  have  Contained  i 

What  iirfere^ce  can  be  more  probable  a  priori  than  that 


^ 
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moviniic  acid  fefttould  c6ni»m  eoml^ed  WMt&i  AA  tfa^ 
^U«r  pbwwfuii^ida  do  so,  mdjts  adSnifyld  w^er  does  no^ 
se^to  Wksd  fitrdng  tfmni  tb^d.  '  Orifi'liiit  cothcluBicte 
06^  bekB^'(^ft>rttSalite  to.  finalogyi.  tbdb  ibM  it  ddfte  of 
^  fihtf  t^t^ifttl  iatiidi(  sbdHld-exist}  aiM^Oleir  li^fttidt  wii« 
ter  ill  atl  iftsutated- stiiite ?     i^^  •     .        ./i:  . 

The  substaiices  which  muriatic  acid  ibnxis  when  it  act^ 
on  tile  alkaMi^,  earths,  aiid  metallic  oxid^  haV^  all  tbiEi  pfo~ 
pettier  of  neuliral  sciits.  Mj^liji'iif  them  have  the  inline 
taiite^^i-e  ftbHBdantfy  fctofebl^  m  Watei^/crystaHK^idbte,  serine 
are  dfeliqti^de^titi  dtbei^  ^ffl^re^ce^t,  and  in  tio  f^efs^^ect  do  . 
they  diffei*  ill  gehefM  pt^pif^B  ftM:i  other  scihV  ^th^ 
pounds.  Yet  we  at«  to  b«Kev^»  bn  thi^d^w  hypbthesis, 
that  dBey  are  tiot  of  ia ^ilenatUii^i  bl^ ebifei^tii^g of  cblo- 
riheatid  nietals,  are  rather  aimiiili'  to  fnetdllfb  oxides. 

X^i^,  ^ei-e  16  DO  fai^t  which  tb^cditiii]on'doett4t))edbes 
nof  dict5la{h:^'S[uch  stress  indeed  ii^)i'taid  bjr  Sir  it.  Bavjr 
oti  the  citietinistancdt  which  he  6tiLt^  first  led  him  i6  dottbt 
of  tli^  eqtii^tence  of  oxygen  in  axyfrniriatic  ii^id> — that  chiir^ 
coal)  a  substance  having  so  powerful  art  althtction  to  oxy- 
gen, t>cc«lsidnisr  tick  abiitrabtk>nj|  of  1^^  element,  nor  Any 
change  whoever  hi  dfxymuiiati^  ^,  even  wheh  vidisd  by 
&e  mcMt  int^ns^  heat  -  Nothing'  is  more  easy  tKah  to  as-  . 
sigti  die  ekii^  bf  this;  To  aditlit  bf  the  transltibn  of  oxy« 
nfptiiltie^iEicid  ICo  the  state  of  inuriitid  acidi  a  jJbrticm  of  wa- 
tef,  essential  to  the  Existence  of  tire  lattei' ih  an  insulated 
fKati?,  mufet  Be  j§up|i!ied :  this  thie'charcdal  cannot  yiel^.. 
Whatever'  therefor^  may  be  thfe  ^iaftrerigth  of  attraction 
which  it  exerts,  to  oxygen,  murmtic  acid  gas  cafmot  be 
fbt*med  ^  and  sis  the  prbdnct  of  the  bxygenaiion  of  char*  > 
i^bal  is  not  a  substance  exerting  affinities  to  acids,  the  mu- 
mtic  acid  cannot  in  this,  as  in  the  ease  of  the  action  of 
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metals  on  oxymuriatiti  gas^  pass  into  a  state  of  new  com- 
bination. The  actual  result  i«  therefore  precisely  what  is 
to  be  looked  fori — ^the  oxymuriatic  gi^.  offers  no  change. 
But  on  the  opposite  hypothesis,  if  chlorine  be  an  element 
like  oxygen,  exerting  afBoities  to  inflammable  bodies,  and 
combining  with  them,  why  should  it  oot  combine  with 
charcoal  ? 

It  is  unnecessary  to  add,  to  these  illustrations.  The 
are  sufficient  to  shew,  in  the^jp»resent  state  of  the  inv 
tion,  the  superiority  of  the.  common  doctrine  fh  the  evi- 
dence  on  which  its  principles  rest,  their  conformity  to  the 
strictest  analogies,  and  their  adaptation  to  the  phenomena. 

The  opposite  opinion,  ^bjowever,  though  so  £ir  inferior, 
and  resting  as  a  theory  on  vague  views  of  what  constitutes 
chemical  induction,  is  still  a  possible  %poMm$,  which^mjiy 
be  maintained.  It  were  (^cfsirable,  therefore,  to  obtain  evi- 
dence of  such  a  nature  as  ,to  establish  ibe  one  to  the  ex- 
elusion  of  the  other..  With  this  view,  I«have  inade  a  nuin- 
ber  of  experiments,  of  which^  however^  I  can  give  only  the 
most  general  notice.    .;     .      •  1         . 

Th^  question  may  be.  d^ided.  either  ;by  proving  the  ex- 
isterlce  of  oxygen  in  oxymuriatic  gas,  or  the  existence  of 
water  in  muriatic  acid  gas*  In  one  series  of  experiments 
directed  to  the  former  of -these,  objects,  carbonic  oxide  was 
submitted  to  the  action  of  9xymuridtic  acid  gas  with  a  por- 
tion of  hydrogenga^,  the  latter  being  added  with  the  view^ 
that  by  forming  a  certain  portion  of  water  with  the  oxygen 
of  the  oxymuriatic  acid,  it  might  favour  so  far  the  transit 
tion  to  the  state  of  muriatic  acid,  and  favour  therefore  the 
farther  communication  of  oxygen  to  the  carbonic  oxide,  so 
as  to  convert  it  into  carbonic  acid.  The  result  was  the 
production  of  a  portion  of  carbonic  acid, — ^a  result  incon* 
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sistent  with  the  new  hypothesis,  since  according  to  it  there 
is  no  source  whence  oxygen  could  be  communicated.    .In 
another  series  of  experin^enti^,  the  object  was  to  gain  proof 
of  the  existence  of  water  in  muriatic  acid  gai,  from  results 
which  could  not  be  otherwise  explained.     The  production 
of  >vater  when  the  acid  is  combing  with  any  oxidated  base^ 
as  the  fixed  alkaliS)  the  earths^  or  the  metallic  oxides,  is  so 
far  liable  to  ambiguity  that  it  can  b^  accounted  for  on  the 
new  doctryae,  by  supposing  the  water  to  be  formed  by  the 
oxygen  of  the  base  combining  with  the  hydrogen  assum- 
ed to  exist  in  the  acid.     But  there  is  one  substance  which 
maybe  employed  free  from  this  ambiguity,. — ammonia;  it 
contains  no  oxygen,  and  if  water  be  obtained  wheU  muria- 
tic acid  gas  i$  combined  with  it,  there  is  no  mode  of  ac- 
counting forit^  but  by  the  conclusion  that  it  is  derived  from . 
the  muriatic  a(:id  gas.    X)n  making  the  experiment,  with 
the  necessary  precautions  to  exclude  extraneous  moisture, 
water  was  obtained.    The  quantity  was  indeed  inferior  to  . 
tlmt  which  may  be  obtain^  from  combinations  of  the  acid 
in^  which  the  product  is  insoluble,  and. 'fixed,'  for  the  vola- 
tility of  the  ammoniacal  sah,  and  the  attractive  force  with 
which  water  is  retained  in  it,  counteract  the  separation, 
while  in  compounds  having  no  ^parent  attraction  to  wa« 
ter,  and  to  which  from  their  fixity  a  high  degree  pf  heat 
can  be  applied,  the  separation  can  be  rendered  much  more 
complete.  But  still  the  obtaining  any  water  is  a  conclusive 
tesult,  since  according  to  the  new  hypothesis,  none  what* 
ever  oucrht  to  be  obtained. 

*  The  results  in  both  these  series  of  experioients  were  at 
-first  denied.  It  Vas  afiirmed,  that  the  carbonic  oxide  re- 
mains unchanged,  and  that  no  cai^bonic  acid  is  obtained  ; 
but  the  reverse  of  this  was  afterwards  admitted,  and  at- 
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tempted  to  be  accounted  for,  by  the  supposed  operation  of 
a  pew  gas,  a  compomid  of  o^^ymuriatic  gas  and  carbonic 
oxide^  which,  decomposing  water,  forms  mnriatic  aiid  car- 
bonic  acids* .  The  amropniacal  muriate  does  not  yield,  it 
was  asserted,"  the  mofit  minute  trace  of  water>  unless  it  has 
been  previously  exposed  to  the  atmosphere,  from  which  it 
was-  supposed  to  imbibe  moisture.  But  it  was- afterwards 
admitted,  that  water  is  produced  in  niinute  quantity  even 
when  the  air  has  been  exclude  j  s^^d  I  subsequently  found, 
that  exposure  to  the  air  has  no  influence  on  its  production, 
that  the  salt  absorbs  no  water  from  the  air  in  a  common 
£tate  of  dryness,  and  that  water  is  obtained  when  the  air 
has  been  entirely  excluded.  The  experiment  therefore  re- 
mained equally  ctHidusive.  To  enter  on  ^ny  farther  de- 
tails with  regard  to  these  results,  would,  be  however  in- 
compatible with  the  Hmits  of  this  elementary,  view. 
.  It  inay  be  concluded,  on  all  tbe^e  grounds,  that  the  com- 
pion  doctrine  with  regard  to  the  relation  between  muriatic 
end  oxymuriatic  acids  is  just.  Oky muriatic  acid  is  a  com- 
pound of  mutifttic  add  and  oxygen.  Tb&  composition  of 
muriatic  add  is  still  unknown' to  us,  and  the  acid  itself^  like 
anlphuric  or  nitric  acid,  is  even  unknown  in  its  pure  states 
being  obtisined  only  in  combination  witb  water.  Muriatic 
add  gas  is  th^efore  hydro-muriatic  acid. 
'  Mc/RiATic  Acid  is  always  obtained  from  sea-salt  decom- 
posed by  sulphuric  add,:  one  part  of  the  acid  being  added 
to  two  parts  of  the  salt.  The  sulphuric  acid  combines  with 
the  soda,  which  is  the  base  of  the  salt;  and  the  muriatic 
acid,  which  is  th^  other  ingredient,  itr  disengaged,  and  as- 
sumes the  elastic  form;  The  gas  may  be  refceived  over  quick- 
silver, as  it  is  rapidly  absorbed  by  water ;,  or  if  it  is  to  be 
procured  liquid,  the  retort  containing  the  materials  is  con- 
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nepted  with  th0  bogles  of  Wodfe's  appoi^tust  in  wbieh 
water  is  placed,  by  which  its  condensation  is  efFectedt  a 
poderate  heat  beipg  applied^  by  the  j:|Qedium  of  a  sand* 
bath,  as  long  as  any  acid  is  produced.  The  process  is  £i^ 
cilitated  by  diluting  a  little  the  snlphuric  acid< 

Muriatic  acid  gas,  when  free  from  watery  vigour,  is 
transparent  and  colourless ;  it  is  pungent  and  suffocating ; 
its  specific  gi-avity  is,  tp  thfM^  of  air,  as  12t8  to  lOOQ;  100 
cubic  inches  weigh  38  or  89  grains.  The  acid  in  this  jstate 
contains,  as  has  been  already  stated,  about  0.25  of  its 
weight  of  combined  water.  •      . 

Water  instantly  condenses  muriatic  acid  gas  in  large 
quantity,  absprbing  nearly  ^00  times  its  volume  of  the  gas^ 
by  which  its  weight  is  doubled :  this  absorption  is  attasd* 
ed  with  a  rise  of  temperature.  In  the  liquid  muriatic  acid 
obtained  by  the  usual  process  of  distillation,  the  water  Js  not 
saturated  with-the  gas  i  its  specific  gravity  seUom  exteedk 
1.170,  tod  the  strongest  that  can  be  easily  procured  is 
that  of  1.196  :,  when  of  this  J^treogth^  it  contains,,  acpdrd* 
ing  to  Kirwan's  estimate^  25  of  add*  ,  The  liquid  acid  in 
its  common  state  has  a  yellow  tinge ;  but  this  arises  from 
impurity,  and  by  distilling  it  from  a  little  muriate  of  sod% 
it  is  obtained  colourless.  It  emits  white  vapomrs,  having  $, 
pungent  smell,  and,  even  when  largely  diluted,  has  a  very 
sour  taste,  and  reddeps  the  vegetable  colours* 

As  muriatic  acid  does,  not  directly  communicate  oxygen, 
it  does  not  act  witlrmudb  energy  on  imflammable  substan-i 
ces  ;  and  it  dissolves  metals  pnly  by  enabling  them,  by  thp 
resulting  affinity  it  exerts^  to  decompose  water  and  aittract 
its  oxygen  J  hence  these  solutions  are  attended  with  adis-^ 
|,  engageinent  of  hydrogen  ga3*     It  combines  with  all  the 

l^ietaUic  pxides  $  it  also  uuites  easity  with  the  fdkalis  and 
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earths.  Us  salts  are  named  Muriates;  the  alkaline  and 
earthy  muriaiteb  are  soluble  and  cryetallizable,  and  have  in 
general  that  taste  peculiarly  denominated  saline.  Accord- 
ing to  the  new  hypothesis,  the  greater  num][)er  of  these  sut>- 
stances,  as  well  as  of  the  metallic  muriates,  are  compounds 
of  chlorine  with  metallic  bases.  . 

MuiUATE  OF  Potash  has  a  taste  saline  and  slightly  bit* 
ter;  it  is  solnble  in  three  parts  of  cold,  a)i(]  in  half  its 
weight  of  boiling  water,  the  latter  solution  crystallizing  on 
cooling ;  its  crystals  have  a  cubic  fopm,  they  are  slightly 
deliquescent,  and  decrepitate  when  heated.  It  consists  of 
6^  (^  potash  and  56  of  acid. 

Muriate  of  Soda  is  th^  salt  which  exists  in  largest 
quantity  in  nature.  It  is  the  principal  saline  ingredient  of 
the  ocean,  forming  what  is  named  Sea  Salt,  and  it  exists 
in  immense  beds  in  the  earth  forming  Rock  Salt.  In  the 
latter,  it  is  nearly  pure ;  in  the  former  it  is  less«o,  a  por- 
tion  of  other  salts  adhering  to  i(,  greater  or  less  according 
to  th^  method  in  which  it  is  procured.  In  warm  climates, 
it  is  obteined  by  spontaneous  evaporation,  the  sea- water 
being  admitted  into  shallow  trenches  by  the  sea- side,  and 
spread  t>ver  an  extensive  surface :  as  it  becomes  coocen- 
t]*ated,b5'  the  evaporation  df  the  water,  the  liquor  is  remo- 
ved, by  sluices,  from  one  trench  to  another,  until  at  length 
the  muriate  of  soda  crystallizes  spontaneously,  and  with 
scarcely  any  intermixttire  of  the,  other  salts.  In  colder  cli- 
mates, the  sea- water  is^  evaporated  in  large  boilers  by  the 
application  of  heat,  and  the  evaporation  is  carried  so  far, 
that  the  salt  concretes  in  small  crystals  on  the  surface  of 
the « boiling  liquor:  As  obtained  by  this  mode,  s^mall  por- 
tions of  muriate  and  sulphate  of  magnesia  adhere  to  it, 
which,  render  it  slightly  deliquescent,  and  somewhat  impair 
its  antiseptic  power. 
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Mnciate  of  soda  cipydtallizes  by  slow  evdporalioii  m  cnbesi 
it  has  a  saline  taate  with  searcely  any  bitterness  >  is  soluble 
m  less  than  three  parts  of  cold  water»  aiid  lis  sdindbilityis 
Tery  little  increased  by  raising  the  Umperafure  e?eo  to 
212^  }  hence  it  crystallizes  from  its  solution^;  not  bf  cooU 
iag,  but  fay  slow  etaporation.  Its  crystals  neither  ddi<- 
qu^sce  nor  effloresce ;  thiey  decrepitate  when  suddenly  ex* 
posed  to  heat»  the  water  ^f  dpystallkatiim  being  dissipated 
in  vapoar ;  the  salt  mdHtsat  a  red  heat,  'and  at  a  moire  in^ 
tense  heat  is  volatifisced.  It'  consists,  wfa^  freed  lrofiiwd4> 
ter,  of  45  of  acid  and  5S  of  hoae.  ^ 

Muriate  of  soda  is  iii  common  use  to  cbiinlieraot  the  piof' 
qess  of  putrefaction  in  animal  matter,  antd  the  theory  of 
its  antiseptic  operation  is  not  well  understbod  :  i^is  tiAen 
maiviecially  as  a  condiment  to  food,  and  it  is  employed  in 
a'niufiber  of  chemical  arts.  The  dectmiposirion  of  it^>  eo 
as  to  obtain  its  alkaline  base,  is  a  process  of  much  imports 
afice^  as  afibrding  a  source  >hei¥ee  soda  can  be  abundant^ 
ly  procured.  It  has  been  attempted  on  ihb  large  scale  by 
the  intermedium  of  oxide  of  lead,  of  carbonate  of |)otid A, 
of  Ume  and  imn^  and  of  sulphuric  add,  the  sulphate  c^ 
soda  being  afterwards  decomposed  by  the  jcMUt  action  of 
iron,  lime,  and  charcoal  i  some  of  these  process^  are,  bom 
local  drcumstances,  carried  on  with  advantage; 

M0RIATE  OF  Ambcovia. — This  is  the  sal-ammotiiac  of 
commerce,  an  important  s^It  from  the  uses  to  which  it  i$ 
applied,  and  which  is^eneraliy  prepared  on  a  large  scale* 
The  processes  are  various,  but  in  general  either  the  acid  is 
directly  combined  with  impure  ammonia  esUracted  from 
animal  matter,'  or  a  suIphaCe  of  ammonia  is  procured^ 
either  by  saturating  this  ammonia  with  sulphuric  acid,  or 
by  mtogi'iijidn  is  extracted  from  soot^  and  is  decomposed 
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by  mamte  of  8oda';  the  muriate  of  ammonia^  formed  by 
the  operation  of  a  dooUe  aCBntty,  being  sublimed*  It  it 
thus  obtained  in  large  semi^spberical  cakes  of  a  ciysldlioe 
structore.  By  solution  in  boiling  water  and  cooKngitmay 
be  crystallized}  its  crystals  being  four-sided  prisms.  It  b 
soluble  in  Si  parts  of  water  at  6Q^y  and  in  its  own  weight  of 
boiling  water.  It  is  volatilized  by  heat.  It  is  used  in  adder* 
ing  the  metals^  and  in  some  of  the  processes  of  dyeing ;  and 
it  is  from  this  salt  that  ammonia  is  usually  procured.  In 
its  formation  equal  volumes  of  the  two  gases  combine, 
which,  supposing  the  muriatic. acid  gas  to  contain  0.25  of 
water,  gives  the  proportions  of  S3  of  ammonia,  50.3  of  acid, 
and  16.7  of  waiter. 

Muriate  of  barytes  is  soluble  in  three  parts  of  cold  wa- 
ter, and  in  a  smaller  quantity  of  hot  wiUer  ^  it  crystallizes 
fi^m  the  latter  solution  on  cooling  in  quailrangular  taldes. 
It  is  also  s(dttble  in  alkohol ;  when  freed  from  water  it  con* 
sists  of  7i  crf'bai'ytes,  and  26  of  acid. — Muriate  of  Stroih 
tites  is  so  soluble  as  to  require  no  more  than  its  weight  of 
water  at  60^  to  dissolve  it :  in  boiling  water  it  is.^ still  inore 
soluble,  and  it  ciyrtaUizes.from  this  solution  on  cooliogin 
slender  six*sided  prisms  :  its  crystals  are  deliquescent-* 
Muriate  of  Lime  is  extremely  soluble..  By  coolii^  its  sa- 
turated sdution,  it  may  be  obtained  crystallized  in  six- 
sided  prisms ;  these  crystals  are  so  deliquescent  that  they 
are  not  easily  obtained  dry;  they  liquefy  on  exposure  to 
the  air,  arid  they  combine  rapidly  with  ice  or  snow,  casur 
ing  it  to  melt,  and  thus  producing  intense  cold. — Miiriate 
of  Magnesia  has  such  an  affinity  to  water  that  it  can  be 
obtained  in  acicular  crystals^only  by  exposing  its  ooooen- 
trated  solution  to  sudden  cold  :  these  crystals  are,  very  de- 
liquescent^  and  dissolve  in  less  than  their  weight  of  water.** 
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Mumt&  of  Argil  can  scarcely  be  crystaOwod,  its  soltitibfi 
becoming  gekdnoas  oil  cnrap0rBti0n«-^Mumte  oC  Gluciae 
18  liable  in  water,  apd»  by  eiraporation,  can  be  obtained  in 
sHnall  crptak«— Muriate  of  ^Krcon  is  also  soltible,  and  a& 
foirdsi.b}^  evaporation  dT  its  solution,  transparent  needle* 
like  eryalaIs.-^Muriate  of  Ittria  assumes  a  gelatinous  form* 
On  9iie%  muriatic  acid  af^ears  to  exert  some  action,  as^ 
iAken  thisearth  is  newly  precipitated,  it  is  sensiUy  disaolv* 
ed  by  the  addition  dF  the  acid. 


A  compound  add  is  formed  by  mixing  nsumtie  add  and 
i&rie  acid,  hence  named  NrrRowMtrRiATic  Aci0,  which 
has  some  peculiar  properties,  and  whidi  in  particular  db^ 
sdhres  gold  with  fiidlity,s^HEi  f>t(^rty  firOm  which  it  reod* 
¥ed  fronfi  tb^  dchemists  the  nmie  of  Aqua  Regia.  i  One 
part  of  murmtic  acid  is  mixed  with  two  parts  of  nitrioi  da- 
ring their  combination  the  formation  of  oxymuriatic  add 
h  indici^ed  by  its  odour,  nitric  oxide  gas  is  disengaged, 
and  a  portion  of  it  is  retained  in  the  liquid,  giving  it  8 
dark  orange  colour.  It  is  concluded,  therefore,'  that  in 
the  mutual  action  of  these  adds,  part  of  the  nitric  acid  is 
decomposed,  its  oxygen  is  transferred  to  the  muriatic  add, 
and  to  Uie  Dsymuriatic  acid  thus  formed  the  powers' of 
the  compound  have  been  ascribed.  It  appear8>  howevar, 
to  b&  ch^fly  a  amiponnd  of  mtric  and  muriatic  acids,  and 
its  energetic  action  on  the  metab  appears  to  be  owing  to 
the  ktler  acid  by  a  diiq)osing  or  resulting  affinity  pit>mo« 
ting  the  decompostioh  of  tihe  former,  favouring  therefore 
the  commtinication  from  it  of  oxygen  to  the  metal,  with 
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ifbkii  in  its  teidtUed  state  it  then  combines/  It  isr  employ- 
ed in  some  df  die  l^rocessM  of  assayings 

Sect.  lh'-*^Of  Orj/muriatic  Acid. 

ScHEE^E  discovered^  that  in  the  aetion  of  mttrifitie  acid 
Ml  black  oxide  of  manganese^  the  acid  ^tiStn  an  entire 
change  in  its  properties.  A  gas  is  disengaged  of  a  greenish 
yellow  colour,  having  an  intoleBable  suffocating  odour,  not 
so  easily  condensed  by  water  as  muriatic  acid  gas,  having 
tancb  less  add  power^  and  peculiarly  distinguished  by  tbe 
property  of  destroyit^  the  vegetable  ocdolirs*  .  AcnotiliBg 
to  the  tiewa  of  chdmidal. theory  then  adopted,  he  condnd*- 
ed,  that  this  change  is  produced  in  m'uriatie  acid  by  pUi>- 
gittoh  being  attracted  from  it  by  the  bliick  oxide  of  tnaa- 
gaaese.  He  therefore  named  it  Depbbgislacated  Muriatic 
Acid; 

This  theory,  expressed  according  to  the  latiguageof  the 
more  modem  chemicttl  system^  implied  merely,  that  the 
mulmtic  acid  received  oxygen.  '  T%e  neW  product^  ther^ 
fofe,  was  named  Oxymuriatic  Acid>  Bnd  this  Tiew  of  its 
constitution  appeared  to  be  confirmed  by  other  &ct8.  The 
<ixide  of  manganese,  on  which  it  had  aofced^  waa  found  to 
be  deprived  of  much  of  its  oxygen  i  when  the  add  was 
kubmitted  to  the  action  of  substanoes  having  an  iittraotioQ 
to  o9^gen,  as,  for  example^  to  the  metals,  these  were  found 
to  be  oxidated,  while  niitriatie  add  was  at  the  same  time 
leptoduced.  By  the  simple  e^p^riment  even  of  expostng 
the  solution  of  the  oxymuriatic  acid  m  water  to  the  rays 
of  the  sun,  very  pure  oxygen  gas  was  found  to  be  produ- 


OF  DXYMiflilATlC  ACIP. 


Mn 


cedjticconipdniedwith^be  transition  to  murja^  md»  Or^ 
la«%9  4r  the  Q^gmnmti^  Aoid  w^ri$  xx>inbii>ied  witb  ^koKii^ 
bafies,  these  compouniiU  ,«£^ddd  » Jai^  qtiimtity  of  pare 
oxygen  whe»  decomposed  by  ho9it>  apd  in  this  oas^  I09 
muriatic  add  was  obtaiofid,  AU  thes^  facts^  appeared  10 
proye>  that  the  gas  formed  by  the  action  of  Jifiiriatic  aaA 
on  oxide  of  manganese}  is  a  compound  of  that  acid  with 
ostjrgen,  4tBd»  in  conformity  tp  tbis^  it  was  fiuthef  found, 
tkutibmif^they&inned  by  thd  •etilm^ctf  muriatic  acid  on 
othy  stihtfamrefl  eapablg^of  affbrdtng  jOxygen> 

The.  BdatinH  ^  muri^  .acid  to  wa^K.  estaUiiOied  bgr 
kte  ^xpariisenfcs^  leads  to  some  mod^catinti  of  thoaxipiiiiOQ. 
In  formiog  pKyjQuriatic  gas»  Jt  appears,  .t}iat.  ihQ  ioacygen 
comWues  livith^beireai'fBUciatic  acid  $.  bence,r  wbed  muria» 
tie  add  ^  gas  is  en^aloy^i&'lhe  experiment,  ita  combined 
water  k  deposited ;  and^  on  iihe  lotbler  ban^,  ia  adspiti^ 
the  deeoiiifiOSMtiM  iof  o«yai«jdaii^4ucidv  that  poruou  of  W4^ 
.  tor  miUBt  be.&npplied  which  is  aeflBssajry^to  tlie  constitution 
of  itfae  miuriatiq  acid  ge«,in:ka  in6alaAed.£9mK.;^^  Tlie^ view, 
of  these  phenomeoa,  according  to  tbi^hypotbtisia,  tbat  oxy'* 
suiriatie.  acid  ja  a  dimple  aubstanc^  an4  muriatic  aoid  a  cobcn 
poxmA  of  it  with  bydrogep,  b^  been  idre^dy  £tail)ed.  Itsiq>>' 
poses  that,  in  the  experiment  of  the  productioa  of  i>^jrflui«> 
riatjc  g»s,  Ibe  oxygon  wiMited  4x>Jbc  mimnim  acid  com- 
bines wjitb  itfi^byd«f>geii  .and  liberates  the xfaJonine,  and  m 
the  nsprodactiea  of  aotiriatiig  acid  bydmgeo  and  ^chloritie 
agaki  oombine.   The  companative  merits  rf  these  doctrines 
hiire  been  ato^y  ccmideriExl.     The  pivxportions  jo£  t^a 
dements  ,dr  oxy muriatic  acid  bavis  been  variously  stated, 
but  60m  the  quontily  of  ojijfftn  pbtained  in  its  decompo- 
fitioiit  and  fitwi  the  ay  atbeiic  ^experiment  of  its  .production 
by  tbe  action  of  deetiicity  on  a  mixture  of  muriatic  add  * 
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and  oxygen,  it  appears  to  consist  of  about  2S  of  oxygen, 
and  77  of  real  acid.  Qxymuriatic  gas  requiring  an  equal 
volume  of  hydrogen  gas  to  convert  it  into  muriatic  aicid 
gas,  and  hydrogen  combining  with  half  its  vcdume  of  osy- 
gen,  it  follows,  that  oxymuriatic  gas  contains  half  its  yo* 
lume  of  oxygen  gas*  / 

The  process  employed  by  Scheele.  to  obtain  oxymuriatic 
acid»  consists  in  distilling  with  a  moderate  heat  muriatic 
acid  diluted  with  an  equal  weight  of  water  from  bladk  q|£ide 
of  manganese.  It  is  more  economical,  and  succeeds  equal- 
ly well  to  mix  with  the  oxide,  muriate  of  soda  and  sulpha.-' 
TIC  acid ;  four  parts  of  muriate  of  soda  being  takax  with 
one  of  black  oxide,  and  three  of: sidph uric  acid  previously 
diluted  with  two  of  water.  Their  mutual  action  is  favour- 
ed by  a  very  gentle  heat*  The  sulphuric  acid  combines 
with  the  soda  of  the  muriate  of  8oda>  and  disengages  the 
mtiriatic  acid,  which,  according 'to  the  common  theory,  re- 
ceives oxygen  from  the  black  oxide  of  manganese ;  aecbrd^ 
ing  to  the  other  hypothesis^  the  ox}^n  of  the  oxide  com- 
bines with  the  hydrogen  of  the,  muriatic  acid,  and  forms 
water,  while  the, other  principle,-  the  oxymuriatic  gas,  is 
merdy  set  free* 

The  oxymuriatic  acid  is  disengaged  in  the  elastic  form, 
and  if  it  is  to  be  submitted  to  examination  under  this  form, 
may  be  received  over  warm  water ;  quicksilver  can  scarce- 
ly be  used  as.it  is  acted  on.  It  may  be  condensed  bypass- 
ing it  through  cold  water  in  the  bottles  of  Woolfe's  ajppa- 
ratus,  and  may  thus  be  procured  in  a  liquid  state. 

Oxymuriatb  acid  gius,  though  it  retains  its  elasticity  at 
low  temperatures  under  a  common  atmospheric  pressure, 
may  be  condensed  by  increased  pressure;  its  specific  gravij- 
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iyh  2A^ ;  100  cubic  inchei  weigh  76.5  grains.  It  is  the 
isofy  gas  that  is  visiblet  being  discovered  by  its  yellowish. 
gi:6en .  cplour ;  its  odour,  is  intolerably  suffocating,  and 
.  ew9^  y/fben  largdy  diluted  with  atmospheric  air  it  produces 
an  i^tjtreme  sense  of  sofibcation  when  it  is  respired. 

It  is  absorbed  by  water  in  a  quantity  larger  as  the  tem**  ' 
perature  is  low ;  «t  50^  the  water  takes. up  about  twice  itil 
volMBie.  When  the  water  is  saturated  with  it,  if  it  be 
CDolfid  below  ifO^f  it  suffers  a  kind  of  congelation ;  soft  scales 
are  lEonnesi  in  it,  and  even  crystals  in  the  fo|^ni  of  quadran-; 
golar  pnsms ;  th^se  are  .the  compound  of  the  oxymuriatic 
acid.and  wftter: .  a  mpderUte  heat  soon  liquefies  it.  The^ 
aoJution  has  a  yelbwish  green 'oolpur,  and  its  odour  is  that 
c^  the  acid  itself;  its  taste  is  rather  styptic  than  sour,  and  » 
the  liquid,  like  the  gas,  has  the  property  of  destroying  .the 
vegetable  cdoucs. 

liquid  oxynmriatic  acid  is  decomposed  by  exposure  to^ 
light,  pure  oxygen  gas  being  disengaged,  and  muriatic  acid 
produQNl*:  In  the  gaseons  state  it  suffers  no  change,  as  has 
been  j^ated,  the  water  necessary  to  its  transition  into  mu- 
riatic acid  being  wanting.  Neither  does  heat  decompose 
the  gas  I  but  if  it  is  .transmitted  through  an  ignited  tube 
with  watery  vapour,  oxygen  gas  and  muriatic  acid  gas  are 
obtained. 

Oxy muriatic  acid«gas  supports  the  combustion  of  a  num^ 
ber  of  inflammable  substances.  A  lighted  taper  bums  in 
it  though  feebly ;  phosphorus  takes  fire  when  immersed  in 
it^  and  a  number  of  the  metals,  as  antimopy,  arsenic,  cop- 
per, or  others,  if  introduced  into  it  in  leaves  or  filings,  bum  . 
spnptaneously.  The  alkaline  metals  bum  vividly.  This 
greater  fiicility  of  supporting  combustion  is'  probably  ow- 
ing partly  to  the  condensed  state  of  the  oxygen  gas,  and 
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pBrtljf*  td  th^  dispDsSng  ability  of  the,  muriatic  ncid  jmo^ 
iiiotiog'  iCs  action.  The  in%ttidable  or' metaUic  aoatter 
(ioBAbines  with  the  ox}'genv  itm]  the  bsidated  prbdiict  re- 
mains in  umiim  with  the  real  ikoid^  ^Accordi;ig  to  the  hjp* 
pothesis  m  which  ox jtnuriaticgas^ia  held  to  bea^siaiple 
substancfe,  it  merely  combines  in  these  cases  widi  th^  hi* 
flammable  or  me^IHc  matter.  Iii  maay  of  these  combiiis^ 
tidns^  difTei^n't  proportions  aire  established  with  the  same 
base.  •Accoi'ding  to  the  camm<m  doettdncy  these  coaogist. 
of  die  base  in  different  degrees  of  oxidation  comttiiied  with 
different  proportions  of  muriatic  add  $  according  |o  the 
new  hypothesis),  they  consist  of  the  base  with  difierent^pm* 
portions  of  chlorine^  Sir  H.  Davy  distingi}idicB>  them Jqr- 
a  p^calial*  nomenclature^  the  name  of  the  compdund  being' 
derived  from  that  of  the*  bpse,'  tod  tthe  difieeence  ^  ptor 
portion  being  indicated  by  a  variation  in  the  tevmiciAtaoDs 
the  terminating  «yliabie  hei^gaM  to  denote  t^  lower  p^o* 
portion,  and  ana  to  denote  the  higher,  as  mercuraQ^i  mer-. 
curana,  cuprane,  copranea,  $lc.  They  are  distiiigByshed 
according  to  the  other  doctrine,  mereiy  as  muriate  .in<di& 
ferent  degrees  of  oxidation.   • 

Oxjonuriatic  gas  and  hydi'^gen  infla»io  witSi^detona^ 
tion  when  the  electric  spark  is  Gt^en  in  ^the  mi^sturo,  and 
the  introduction  even  of  a  wire  heated  to  S34^  .inflames 
them  s  exposure  to  the  rays  o^  t;he  sun  has  the  Jsoiioe^dBact, 
and  they  act  more  slowly  under:  diffused  light.  When  they 
arc  in  equal  volumes,  they  are  conv^te^  entirely  in|»  vai^ 
riatic  acid  gas.  The  action  on  the  carburetted-hydrogeflt 
gases  is  similar  ;  muriatic  acid  and  carbonic  acid  are  .the 
product^  with  frequently  a  deposition  of  charcoal.  Sul*> 
phuretted  hydrogen'  is  also  decoimpo^Qd,  with  inflamo^tifm. 
if  the  gases  are  dry,  and  phospburett^d  hydrogen  is  innxuN- 
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^iiafieljr  inflfttned.  'Tlie  action  of  oxymamdc  gsaaafiy^ 
drogeit  ii  likttmse  shewn  in  its.  decoHiposing  ain^onij^ 
^e  nitrogeti'ofdie  d^oomposecl  liinmonia  reniainin^m  thie 
elaiftic  form.  .      '  -     •  ..     ^      ' 

from' the  action  of  oxytnuriaticgas  on anunonia  wotdef 
pec^iBitr  circiiihfstanceg',  a  veiy  singular  prodact^  exceedk^ 
all  otberain  detonating  qudity,  is  obtained.  It  was 'dis* 
ecA^ed  ^y^Dabiig)  a  French  cbesost ;  andean  atten^we 
8Mefi(«f*efxperi]XMtil£  haft  been  made. upon  it  by-Metsm 
Sklsfbt,' Wiison. and  Knrk*  ..To  obtain  it^  a  sniall  jar  m 
filted  vil^  par&  oxyBmriatie  giis,  aiidis  transferred  into  a 
faafton coDtaining  a  sdhition  of  nitraleiMrnian^te of amiBO* 
HOI  a*  little  VBTMir;  the  gas  is  Arnly  eondenied,  and  the  £•> 
qtoviiiseB  initfae^ar }  an  oify-likefikn  ibrms  on  ite  surfiue^ 
vfkSd:h  mcrejuses  and  coUectSrUito'giobnlest  which  ^length 
^.thlnongh  ihe^'fiqiior :  dm'  is  tha;  explosive  compoiiBdi 
Its  eoAour  is  yeUowish ;  its  spteiik  gravity,  iteems  to  be  aboofc 
1.6 ;  it  evaporates  speedily  under  exposure  to  the  airf  with 
afKeeai£ar  and  very  panetrating  odour  { iii  vacuo  itassuAies 
the  elastic  form  at  ntftural  temperatures ;  it  disdls  in  chie# 
vessels  at  160?,  and  does  not'  freeze  at  -^i6^  }  it  lees  aot 
€9Dpkifl€^a«'2dO?,  but  explodes  violenify  at  212^ :  ilie>  Aiost 
viiiienteX{^osioiis,  however,  aireprodaefid  from  it  Hi^m  it 
is  toaclkcd  cold  with  inflaounable! -bodies :  a  portion  jof  it> 
for  examjile,'  the  size  of  a  pin-^head)  being  brought  in  eon« 
tact- with  olive  oiV  the  vessel  is  broken  into  fragments  by. 
thie  violeniceof  tibe  ^cplosidri }  its  d&cts  are  indeed  so  vio* 
left  t^  as  to  Mve'gi ven  rise  to  4Bevere  accidents  $  hss$ce  the  pix^ 
pylety  pf  the  pi^caUtion  of  wearliig  a  mask,  and  of  tiding 
eare<ihat  th^  vessel  in  which  it  is  (brmed,  or  the  instrmnent 
l^  wbicb.it  18  removed,  shall'  be  perfectly  clean  and  free 
frpm.  combustible  matter.    It  is  singular,  that  a  nnmher  di 
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infiammi^le  substances  do  not  cause  it  to  ^KpIode»  snclia* 
cbarooalt  alkohol,  or  ethers  and  among  the  jpflannnable 
subfiteices  which  either  do^  or  do  not  c$t^  it  to  exploddi 
it  does  not  appear  that  any  analogy  can  be  traoed«  Nil>- 
rogen  gas  is  given  out  m  these  explosions ;  it  gives  the  same 
gaa.from  the  action  of  muriatic  add,  and  with  quicksilver 
it  fonus  muriate  of  mercury,  and,  a£Ebjd&  nitro^n.  Sir  H. 
Davy,i  from  some  of  these  results,  ^considered  it  as  a  cpm-* 
pound  of  cyorine  and  nitrogen*  From  analytic  experi- 
ment^, .Messrs  Porrett  Wilson  and  Kirk,  conckide,  that  it 
consists  of  oxymurjaticacid,  nitrogen  and  jbydrogen :  the 
Igrdrogen,  they  suppose,  by  its  affinities  to  the  K>ther  ele^ 
ments,  serves  asr  the  medium  of  unicm  %  and  the  great  ex* 
{dosive  power  of  the  compound  they  conceive  cwing  to 
the  a0tkm  of  oxymuri^ic  acid  condensed  in  the  cemfaaia- 
tipn,  but^at  the  same  time  retained  only  by  a  weak  affinity. 
It  is  not  improbable  that  it  mtiy  be  a  hyperHoxymtariate  of 
ammpnia.  - 

.  Charcoal  freed  frpm  hydrogen  by  calcination  do^  not 
bum  in  oxymuriatic  add  gas^  nor  suffer  any  dianget  the 
cause,  of  diis  has  been  ahready  explained.  The  nauctuxe  of 
oxymuriatic  gas  with  carbonic  oxidi^  gas  .canni^  be  in- 
flavied.  by  the  electric  spark.  Messrs  Gay-Lossae  and 
Thenard  stated,  that  neither  do  they  aot  dn  each  other 
under  exposure  to  li^t»  if  they  have  been  carefully  freed 
from  water,  and  I  had  obtained  the  same  result.  ^  Aiscoid- 
ing  to  Mr  J.  Ilavy»  they  combine  together  and  fonn  a  pe- 
culiar compiNind  gas,-»a  dif^ence  of  result  wliich  still  xe- 
quirea  investigation*  This  gas  he  names  Phosgene,  as  be- 
ing formed  only  under  the  influence  of  light.  He  describes 
it  as  having  a  penetrating  odour  diffisrent  from  that  of  chlo« 
i^ine^  but  still  more  intolerable;  it  reddem  litmus  paper,  ccyu- 


OF  OXYMURIATIC  ACID#  S8% 

denses  foof'tifaics  its. volume  of  ammoniacal  gasi^ fbiming 
jiL  ni^utral  salt  which  is  deooinposed  by  licpid  ihiiriatie^  nit-  ' 
ritf  tiiJ^hiiiikiaaAlpfakM^KNrie  aeids,  afibnifaig  oarbdoie  afid 
BiuFiaiie  fddfiasest^bstt  dissolve  ^thouteffeiT  in 

acetic  a^.  The  gais  is  deecMiipdsed  Mfh&i  heated  vmlAk 
jnetals^  caribomc  oxide  beuig  obtained^  aadthe  prodtieti^ 
ivlieh  the  safaie  metab form%ith> chkn'ine.  It  b  also^  de* 
compoflied  hj^  skater,  bein^  coftverted  into  earbbnie?  and 
nmriatic  «cida<^  >  Mi  J.  Dikk^.  r^gar^  it  as  &  c0mp6«iKi  ^ 
ddedne^  aftA  orrixmie  dsidej  in  equal  volames,  cotMieitsed 
bjrtheip  combination  into  halftheir  vtd^me^mnd  frcvn^thiS' 
cond^Qsatton  it  mmit:  be  the  heafiesltif 'the  gases*  Accord- 
ing ta  the  txMflion  theory )  it  wonld  faH  to  be  considered 
«i  a  eoinpoand  of  ireal  niprtatic  and  i^rbdnic  acids.  . 

Saiphur  heated  ifi  oxymuriatic  gas  forms  a  liquid  of  a. 
red  colour^  having  a  pungent  odour,  which  smokes  iriien 
exposed  to  the;  air,  and  is  volatile. ,  Dr  Thomson  oll^ned 
it  by  passing  oxymnriatic  gas  over  sulphury  regarding  it  a» 
a^eompottndiof  onide^f.stllphar  and  mariatiD  acid,  he  n»- 
med  it  ^I^ucetted  Muriatic  Acid«  It  qspi^froot  to  red- 
den perfettl]^  dry  litmits  pi^rjbtit  when  water  ist  addedf 
depofi^Qs  stilphiiry^  i^d  affi»*dssu)phurieand  mttriaticacidA. 

!iPfaos}lfaarm  inftames  in  oxymuriatic  gas ;  a  white  solM 
^ondenseSf  ^hich  is  very  volatBe,  but  may.  be  fused  under 
•pressurei  and  then  crystallize :  it  reddens  dry  Iftmus  piq^r, 
aieid  combines  with  einmonia,  forming  a' substance  insolu^ 
ble  in  wa.ter  and  perfectly  fe^ed;  by  water  it  is  resolved 
into  muriatic  and  phosphoric  acids.  A  compoumi  some- 
what an^ogous,  containing  more  phosphomsi  is  obtained 
byheming  muriate  of  mercury  with  phosphBrus;  it  is  a 
liquidr  Innpid^  funnng  and  caustlcrits  vigour  combining 
with  humidity  iu  the  atmosphere  is  acid  $  when  water  is 
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added  to  it,  it^deposites  phospharons  acid,  and  murifttic  acu! 
ia  diittigaged.  ,  ^     <  : 

-  One  of  tbo  most  impovtaat  chesMeaipibpeiiiea  o£  ^xf* 
miimtic  «cid  la  displayed  i»  ite«otian  Qn:4il|e«c§eUdyeei»i 
kmn.  Many  of  them  it  aitiaaly  deitr9yg4  ^ad  imn  tboK 
'  vfakfa  are  most  deep  and.  perman^t,  siidi  a«'tlieGolosr«f 
/  iBi^go,  it  renders  faint,  and  Atasg^  te  a.  Uf^.  ycSow  or 
bnwnu  Tbia  agncy  is  exmeted  bf  it,  bodiriiivitsfaiedai 
and  ita  liquid  feoa.  The  dasiiWtioii  ^f^cokmr  f^peaanrto 
bo omoig  to  the. cemimmigalioB: e£ oi^ynlo  Aotcoburaig' 
awtt^  ibr  the  pxyorariatic  adid  returns  to  the  slate  of  fflU* 
rktie  aeid*  The  presence  of  water  -  in  nectsaaafy  io  lUs  f 
hence,  vhen  the  gaa  destroys  coieur,  »it  sauat*  probaUjr  be 
enabled  so  to  do  by  the  hy^ometric  water  k  contains*  It 
is  acoonttngly  affinnedy  that  when  freed  from  thisit^  does 
notdestDoy  theoolour  of  dry^bmnspaperi.    . 

.  BfiTtboUet  applied  this  ^geney.  of  toi^yniuriatio  acid  to 
the'pnxsefia  of  bleaching,  and  with  sue^atiooeiss  as4o  l|ave 
entiiely  Jcfaanged  the  mantpahlj^oas  of  that  art*  H^e  iiie(> 
thod  of  using  it  has  been  successfiiSy  in^ioved.  It  con^ 
^ted  at  first,  in  subjecting  tfa^  ihnead  .or  dlodi  to  the  «o» 
tion  of  the  acid  in  the  gafcoui  brm^  hi|t  the  effect  in  this 
way  was  nnequally  prodnosd,  aad  the  stuength.and  texture 
ware  sometimes  in|ured.  It  was  then  applied,  condeosed 
by  water,  and  in  a  cartain  state  of  dilution*  Hie  thread 
or  doth  is  prqiared  as  in  iheold  method  of  Ueaching,  hy 
boiling  first  in  water,  and  then  in  an  iilkaline  ley*  It^'s 
tb»i  immersed  in  the  diluted  oxymnriatic  acid :  this  alter*- 
sate  application  of  the  add  and  alkaU  bdng  coptiypfted  im^ 
til  the  ^oloor  is  dischargecL  .  l%e.  oifenpive  sofibcatix^ 
odonr  of  the  acid  rendered  this  mode  of  using  it,  ho^rev^ 
scarcely  practicable;  the  odour  was  found  tp  be  reiaai{:ed 
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by  coDckming  the  acid  gas  l»|r  a  weak  iolotranof  potaab : 
Hpie  diffined  m  water  bctag  uiieni  eocfatasdcti^  ynm  aficf^ 
«Mnd0  suhititated ;  and  moite  Jttefy)  dak^d  fime  ib  tha  stale 
rfpcmdar  baa. bean  ean^ojuady :^e  eompoimd k ibntis  widi 

^i  aoid  being  4<>^^v^  11*  walar^  ao  astofomtbeUeacfe- 
fog  liquor  of  d^e  pioper  ^qfcrenglfa*-  Under  all  dieie  Hernia 
Ibe  oagriiMiriatiD  acid^  bj  iniparttng  oscfgen  to  tbe  ooioiMr«' 
{sg  inatter^-weakiaia^ordiBcliavges  the  coloitt*^  and  the  0a^ 
louring  matter  apfiears  to  be  rendered  more  aoluUe  in^be 
alkattQe  solution,  alternately  applied^  and  of  ooorse  nmre^ 
easiljr  esctracted  by  its  action.  More  lately,  the  improve* 
ment  ha&  been  introdooed  of  employing  the  potash  alone, 
its  solvent  power  being  afded  by  applying  it  with  the  steam 
of  water,  at  a  high  temperature  under  increased  pressure; 
and  this  has  in  part  supplanted  the  use  of  the  os^rmuriatic 
,acid*  Mr  Ramsay  has  substituted,  with  great  advantf^, 
oxymnriate  of  magnesb  for  that  of  lime,  in  whitening  doth 
ftJT  oaKco  printing ;  the  cloth>  whesu  lime  is  used)  raining 
a  little  of  it,  which  in  the  subsequent  operation  of  clearing 
by  immersion  in  weak  sulphurie  atetdi  fermst  snlpliate  of 
lime  which  alKetd  the  occurs  wbeti  it  is  dyed.^ 

The  rdattoi^  of  oxymuriatic  acid  to  the  alkalis  and  earths 
is  pecnlian  When  presented  to  the  aUcali  in  a  conoentrav 
ted  statei  it  utidergoes  decomposition  $  a  porticm  returns  to. 
the  tttate  dT  muriatic  acid,  and  the  otbet*  portion,  with  t 
quantity  of  oxygen,  inters  ifito  combination  with  part  of 
die  attcalinebase.  It  has  been  condtlded  from  .thii^  that 
n6  comltthiEitioBs  of  the  oxymuriatic  acid  wtth'the  aftaiis  or 
earth  exist.  This  appears,  however,  to  be  a  nidstake:  when 
the  acid  and  the  alkaline  solution  are  much  diluted,  their 
tiintual  action  is  Tendered  less  energetic^  and  their  dinect 
combination  is  estabiifthed :  the  proof  of  this  k^  that  the 
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liquor  tbas  fimned  Tctains  tlie  cbancteristic  propertjr  of 
cacyiniiriirtic  add,  tbct'  of  weakening  or  destroying  the  ve^ 
getaUe  eokmrs.  These  oombinaCiiMis,  Bowefer^  caimet 
easily  be  obtained  in  an  intillaled  state,  a&tfaemisnomode 
of  concentrating  their  solotion  wkhoat  giving  risfe<l6^that 
r^»acti<m  which  prodooes  deconiposkion.  The  colnpc^i^ 
formed  by  the  introdnctiQn  of  oxymurktk  gaa  into  the 
po9i»der  (^hydrate  offime  used  in  bleadiing,  is  a  inixtiir^ 
acconKi^  to  Mr  Dalton's  anaiysK  of  it^  of  inariate  and 
oxymuriate  of  lime. 


Sect.  III. — Of  Hyper-oxymuriatic^  Acid. 

Wh^n  a  current  of  oxymuriatic  acid  gas  is  passed 
through  ah  alkaline  solution  of  a  certain  strength,  a  s^lt  is 
dqmited  by  spontaneous  crystallization,  which,  by  analy- 
sis,  is  &und  to  contain  a  larger  portion  of  oxygen,  com* 
pared  with  the  quantity  of  muriatic  acid  it 'contains,  than 
it  could  do,  supposing  it  to  be  a  conipound  of  oxymuria- 
tic acid.  A  portion  of  the  oxymuriatic  acid  returns  also 
to  the  state  of  mtiriatic  acid ;  a  quantity  of  that  add,  com- 
Inned  with  a  portion  of  the  alkaE,  being  found  in  tbe  li- 
quor* It  has  been  concluded  from  these  &cts,  in  confor- 
mity to  the  established  theory  of, the  compositioii  of  oxy- 
muriatic acid,  that  one  portion  of  it  jrields  oxygen  to  the 
other,  one  returns  therefore  to  the  state  of  muriatic  add, 
the  other  passes  to  the  state  of  an  acid  containing  more 
oxygen  than  the  oxymuriatic  acid,  and  each'  combines 
urith  a  portion  of  the  alkali  preset,  so  as  to  form  neutral 
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Qoii$iHmi^&  Tbe  acid  in  the  latter  state  has,  in  conlbr^ 
'  mlty  to  this  view,  been  named  Hyper-oxymuriatic  Acidj 
and  ats  9alt»  are  denominated  Hyper-oxynrarktas*  Sit 
H.  Davy,  baa  supposed,  thid;  this  acid  is  a  compound  of 
<^ilorine  and  oxygen>  and  its  salts, ternary  ccunpounds of 
ifaese  two  elementsj  and  the, base  of  the  alkali  of  which 

'  ^  It  was  founds  difficidt ,  to  obtain  the  hyp^^oxymuriatio 

acid  in  an  in^dbled  ferm.     Wh^t  the  hyper  oxymmriales 

are  submitted  to  the  action  of  sulphuric  or  nitric  acid, 

with  the  view  of  disengaging  it,  tbe  liquor  around  the  salt 

becomes  of  an  orange  colour,  and  a  smdl  quantity  of  dens^ 

yellowish  green  vapour  arises:  if  heat  is  applied  to  favour 

the  action»  an  explosion  is  produced ;  or  if  this  is  avoided, 

the  vapour  disengaged  has  an  intermixture  of  oxygen  and 

oxymuriftUc  add  gases.     Muriatic  acid  appeared  to  be 

converted  into  oxymuriatic  acid  by  a  similar  process.    Sir 

19.  Davy  found)  however,  that  when  the  muriatic  acid  is 

in  a  certain  state  of  dilution,  it  disengages  a  gas  which  ap* 

pears  to  be  tlie  hyper-oxymuriatic  acid.    Tb^s  process 

consists  in  adding  to  hyper-oxymuriate°of  potash  in  a  re^ 

tort,  tirice  ns  much  muriatic  add  as  will  cover  it,  diluted 

with  an  equal  volume  of  water.  .  On  applying  heat,  the 

gas  comes  over,  and  must^be  collected  over  n^ercury^   He 

named  it,  frpm  its  bri^t  yellow  green  colour,  Eucfalorine^ 

and  to  his  experiments  we  are  indebted  for  a  knowledge  of 

its  principal  properties* 

Its  colour  is  a  brighter  yellow  than  that  of  chlorine,  and 
its  smell  is  different  ^  its  specific  gravity  is  2.4>10 :  100  cu« 
bic  inches  weigh  14f  or  75  grains;  w^er  absorbs  8  or  10 
times  it^  volume  of  it,  and  acquires  its  bright  .colour;  it 
destroys  vegetable  colours,  but  first  gives  a  tint  of  red.    It 
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is  remarkably  distinguished  by  its  fadUty  of  deconipositioQ^ 
and  by  this  being  accompanied  vith  detotiation  and  witb 
Hgfat  1  a  alight  degree  of  heat,  frequeillly  even  that  df  tibe 
bandy  is  sufficient  to  cause  it  to  eicplode :  in  this  explosion 
it  is  resolved  into  oxygeti  and  axyoiuriatic  gases  with  en-* 
largement  of  volume,  50  measures  expanding  to  ^;  of 
these^  about  40  are  oxymuriatic  gas,  and  30  oxygen  ^as  f 
it  seems  to  omsist,  ther^te,  of  two  measures  of  the  fo^ 
xner  and  one  of  the  latter,  condensed  in  the  compound  to 
half  the  volume  of  tlie  oxygen  gas.  It  is  also  ^^composed 
by  inflammables,  and  phosphorus  kindled  in  it.  None  of 
the  metals  that  bam  in  oxymuriatic  gas  bum  in  it  at  tow 
temperatures;  but  if  heat  be  applied,  it  is' resolved  into 
oxygen  and  oxymuriatic  gas,  and  then  from  the  action 
of  the  latter  they  take  fire  and  bum. 

It  is  not  perfectly  certain  if  the  gas  obtained  by  this 
process  id  exactly  the  acid  which  -  exists  in  the  hyper-oxy- 
muriates  ;  there  is  no  reason,  however,  to  believe  that  they 
are  materially  different.  These  salts  are  peculiarly  ciUstin- 
guished  by  the  violent  action  they  exert  on  inflammable 
bodies,  producing  ^ith  them  deflagration  or  detonation  by 
mere  trituration  :  they  afford  very  pure  oxygen  When  de- 
composed by  heat ;  they  produce  no  precipitates  with  n»e- 
tallic  saltSi  as  the  muriates  do;  neitheif  do  they  retain  the 
power  of  impairing  the  vegetable  colours. 

Of  these  lialts  the  Hyper-oxymutiate  of  Potash  is  best 
known.  To  prepare  it,  a  solution  of  ibur  parts  of  sub- 
carbonate  of  potash  in  sixteen  parts  of  water,  from  which 
the  carbonic  acid  is  abstracted  bv  the  action  of  lime,  is 
put  into  the  bottles  of  Woolfe's  apparatus,  and  a  current 
of  oxymuriatic  add  gas  is  passed  through  it,  from  a  retort 
containing  the  materials  from  which  this  add  is  disenga^ 
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g«d :  Uos  ia  contisBed  until  the  alkali  iBiieiitialized:  the 
bgqMr«>cK7iiiuriate  of  potash  k  dqpoeited  in  ^caleSf  while  a 
portion  of  miudite  of  potash  reniains  ta  solution :  on^  por-* 
iicyi  therefore  of  the  oisgmmciatic  acid  gas  returning  to  the 
state  of  muriatic  add,  has  yielded  its  oxjTgen  to  the  rer 
jasmkaig  portion^  which,  has  thus  becoese  hyper- oxymorra- 
tie  ais^  and  uniting  with  the  alkali^  fqnns  hyper-oxylDiif^ 
xjale  ofpotaab^  thes^  diaiigeiiheisg  probabty  owing  to  the 
strong  affinity  .of  the  alkaline  base  to  muriati^^  add*  Ac-* 
cording  to  the.c^osite  hypothe8is>  the  salt  which  has  te^ 
oeived  this  name  is  a  ternary  compound  of  oxymuriatic 
a|ad^  oseyged^  and  potash  or  potassium. 

I^i)er<'Oxymuiiate  of  potash  crystallizes  in  scales^  in 
Boedle^lSte  crystals^  or  in  tbin  quadtiingular  plates,  white^ 
and  of  a  silvery  lustre. ,  It  is  soluble  in  17  parts  of  water 
at  60^^.  and  in.  two  parts  and  a  half  at  9^1%  \\t  melts  from 
the  aj^pltcation  of  a  moderate  heat:  wh^n  heated  to  red- 
ness it  is  decompoeedy  and  very  pure  oxygen  gas  is  expel* 
led.  Chenerix  fiinnd^  that  100  grains  freed  from  water 
jneld  Sfd.S  of  oigrgen,  imd  the  residue  contain^  20  of  mu- 
rialac  acid ;  it  consists  therefore  of  583  cf  o:f[ymuriatic 
addy  39«2  of  potash^  and  3«5  of  water  xfi  6ry$tallizatipn« 

Hyper*axymuriate  of  potash  is  deeompoded  by:  the 
&s^4  Thrown  into  i»ilpburic  acid  it  d^repitates,  the, 
liquor  acquires  an  orange  colour^  and  a  dense  yeUowish 
gieen  vapour  is  dis^igaged.  If  heat  is  applied>  an  explo- 
sioii  with  a'  vivid  flasb  of  light  takes  place  \  if  the  acid  be 
dilated  so  as  to  admit  of  the  application  of  heat  with  safe- 
ty, the  elastic  fluid  which  is  disengi^;ed  is  a  mixture  o^ 
oxymuriatic  add  and  oxygen*  The  action  of  nitric  acid 
is  similar,  but  less  violent:  Muriatic  add  is  converted 
into  oxymuriatic  add.    The  elastic  fluid  disengaged  in 
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these  decompositions  ttcts  with  considerable  force  on  in* 
flammalile  substances ;  two  or  three  grains  of  the  salt^  for 
example^  mixed  with  baif  the  quantity  of  sulphur,  charcoal, 
resins,  or  oils,  forming  mixtures  which  are  kindled  by  the 
contact  of  sulphuric  or  nitric  add.  . 

The  salt  itself  acts  with  still  mord  energy  on'  inflamma- 
ble bodies.  If  a  grain  or  two  be  triturated  with  half  its 
weight  of  sulphur  or  charcoal,  or  if  the  mixture  in  these 
prc^rtions  be  struck  forcibly,  a  loud  detonation  isprodn* 
ced.  A  similar  effect  is  produced  when  several  of  the  me- 
tals are  iemployed ;  and  with  phosphorus  the  detonatian  is 
so  violent,  that  it  can  be  made  with  safety  only  on  a  very. 
small  quantity.  These  mixtures  are  also  inflamed  by  the 
electric  discharge  and  by  applying- beat*.  These  effects  ap- 
pear to  arise  from  the  rapid  combination  of  the  oxygen  of 
the  salt  with  the  inflammable  body^  and  the  formation  in 
general  of  an  elastic-  product:  experiment  ou^t  to  be 
made  only  on  small  quantities  of  the  materials. 

The  other  hyper^oxymuriates  scarcely  require  particu- 
lar notice.  The  hyper-oxymfiriate  of  soda  is  not  so  easi- 
ly obtained  pure  as  that  of  potash,  as  it  is  heiurly  of.  the 
same  degree  of  solubility  with  muriate  of  soda,  and  is  there- 
iinre  not  easily  separated  from  it  by  crystallization.  It  crys- 
tallizes in  cubes,  is  deliquescent,  and  is  soluble  in  three  parts 
of  cold  water.  Hyper-oxymuriate  of  ammonia  is  formed 
by  decomposing  carbonate  of  ammonia  by  hyper^oxymu- 
riate  of  lime ;  is  very  soluble  in  water  and  in  alkohol,  and 
is  decomposed  by  a  slight  elevation  of  temperature.  Hy- 
per-oxymuriate of  barytes  is  soluble  ^d  crystallizable,  as  is 
also  that  of  strontites ;  hyper-oxymuriate  of  lime  is  deliques- 
cent, and  soluble  in  water  and  alkohol ;  hyper-oxymuriate 
of  magnesia  has  nearly  the  same  properties.  i 
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CHAP.  vn. 


OttLbOniC  ACID,  ITS  BASE,  AMD  COHBINATIOKS. 

1  HIS  acid  Was  discovei'ed  by  Scheele  as  a  constituent 
principle  of  llie  mineral  known  by  die  name  of  Flaor 
Spar^  in  which  it  is  combined  wiMi  lime :  It  has  since  been 
discovered  in  a  few  other  minerals;  and  also  in  the  ani- 
maFkingdomy  particularly  in  die  oiamel  of  the  teeth,  and 
in  the  fos^l  or  petrified  teeth  of  the  «lqphaiit.  Some  im^ 
portant  discoveries  wHh.  regard  to  it  have  lately  been  made 
by  Gay-Lussac  and  Tb^iard^  the  pure  add  having  been 
obtained  by  them»  and  bsvihg  qualities  altogeUier  differeiit. 
fr«m  diose  belonging  to  what  had  been  considered  as  fliio- 
ric  acid. 

The  nstml  process  fiir  procuring  fluoric  acid  consist- 
ed  in  submitting  fluor  spar  in  coarse  powder  to  the  ac- 
tion of  twice  its  weight  of  sulphuric  add,-  using  a  leaden 
r^etoit,  on  aceount  of  a  singular  properQr  of  this  acid^  tkbt 
it  dissolves  siliceous^ earth,  and  hence  acts  oh  glass.  The 
sulphuric  add  combines  with  the  lime  of  the  fluor  spar, 
and  the  fluoric  acid  assumes'the  gaseous.form.  The  gas 
mky  be  collected  over  mereury,  as  it  is  absorbed  by  water  ; 
or  if  it  is  to  be  condensed,  the  retort  is  connected  with  a. 
leaden  receiver,  c«)ntaining  a  sufficiept  quantity  of  Water, 
lo'  this  way,  however,  it  has  always  a  contamination  of 
i^eXy  either  from  the  fluor  spar,  whidi  often  contains  this 
earth,  or  from  tbe'  glass  receiver.  .  The  process  g^ven  by 
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Gay-Lufl»ac  and  Tbenard  is,  to  select  very  pure  fluor  spar, 
and  decompose  it|  by  applying  heat  to  a  mixture  of  it  with 
JBulphuric  acid  in  a  leaden  retort,  connected  with  a  leaden 
receiver,  which  is  kept  cool  with  ice.  The  fluoric  acid  is 
condensed  in  the  liqnid  fonAf  nxiiA  does  not  exist  in  the 
gaseous  state,  as  had  been  before  believed. 

It  reuyis  this  liquUt  UmA  et«ti  at  GO''  of  Fahrenhe&,  but 
boils  at  a  heat  not  much  higher ;  it  must  be  excluded  from 
the  air,  as  otherwise  it  evapotale^  spcttdily  i  and  it  must 
.be  preserved  in  mctallio  vessels^  those  of  ulver  or  lead,  a» 
it  immediately  assumesf  t&e  gaseous  foml  on  coming  into 
contact  with  glasii^  from  dissolving  a  portion  of  ito  sties* 
It  forms  nftritef  vapours  in  the  atdiosphere,  by  combinhng 
with  its  humidity  j,  its  odour  is  very  penetrating  ^  Imd 
-one  of  its  most  reroaikable  properties  is  ifa  exbreme  Cau^ 
ticity,  in  consequence  of  whidi  it  instantly  destroys  the 
ddn,  when  the  smallest  drop  touches  it»  exciting  severe 
pain,  causing  suppuration,  and  by  the  great  nrrkation  to 
which  it  gives  rise  affecting  even  the  general  system :  inueh 
citutiQU^  therefore,  is  neoessuryin  milking  expetiments  with 
it*  ;  It  combines  with  water  with  rapidity^  producing  a 
hissing  noise  and  much  heat. 

llie  saline  compounds  of  this  acid  have  the  name  of 
Fluates.  Their  properties  were  Unknown  ill  their  piire 
state^  previous  to  the  experiments  of  the  Fresneh  chemist5«. 
Fluatcf  of  potash  has  a  shiurp  taste,  is  deliquescent^  \&tj  so- 
luble in  water,  and  not  easily  crystallizaUe.  FI«f ate  of  soda 
is  less  sapid,  ifi  neither  deliquescent  nor  efflorescent ;  is  itiore 
soluble  in  hot  than  in  cold  water,  and  its  solution  on  cooU 
ing  affords  minute  crystals.  Fluate  of  ammonia  has  a  Very 
sharp  taste,  is  volatile  and  easily  decomposed.  The  fluates^ 
($f  baiytes,  strontited,  lim%  magnesia  and  argil  are  insolu* 
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Ue,  but  become  aoIuUe  fiom  an  mm»  of  jadd.  Fhiate  ^f 
lime  is  obtained  in  nature  in  a  yery  diffcsrent  state^  (oxmng 
^fiaorHBpar^  often  crystallizad  in  laige  and  tiegular  e^biis» 
tranqparan(t»  of  ricb  4»lour%  vitceous  lisst^>  haid  BJfid  brH« 
tle*  . 

The  relation  of  this  add  to  siliceous  earth  forms  a  v^ 
stdkiog  character  of  it^  as  it  is  the  only  one  whicti  dissolves 
silex  in  considerable  quantity*  It  acts  on  it  rajptdly^  and 
at  Ae  same  time  assumes  the  gaseous'  JState9  forming  vhat 
used  to  be. regarded  as  fluoric  add,  but  irhat  may  be  na- 
med Siliceo-fluoric  add.  This  is  usually  Obtained  by  add- 
ing solpbiiric  add  to  aniixtnre  (^'pounded  fluor-spar  and 
flini :  die^fluoiric  add  disengaged^  iaturiKtes  itself  vilh  tfae 
dkx  of  the  flinty  and  forms  a  permanent  gas.  This  is  one 
4)f  the  heaviest  of  the  gases,  its  specific  gravity  bdng  $.090  ; 
100  onbic'inches  wdgh  91  grains:  it  has  a  pnngent  odoiir, 
is  corrosive  and  add:  it  forms  white; vapoiirs  when  diffiiised 
in  ^e  atmosphore,  by  attracting  hygrometric  watar  mid 
icmdensing.  .It  is  hrgdy  absorbed  by  water,  and  at  the 
j$ame  tixne  d^osites  a  consideraUe  part  pf  the  d)ex  which 
it  Isolds:  dissolved  in  a  kind  of  gdatinousdeposite,  the  add 
with  the  remaining  silex  .forming  a  soluble,  compound. 
Ao^crding  to  Mr  J.  Davy,  the  aoid  gas  consists  of  B8.6  of 
fluoric  add,  and  61.4  of  silcx ;  in  the  liquid  acid  54.56  of 
sUex  are  combined  with  45.44  of  acid.  It  does  not  ap- 
pear to  produce  the  state  of  n^itralization ;  thpugh  froip 
the  liquid  solution  crystds  hwie  been  said  to  be' deposited 
after  a  length  of  time^  whkb  some  have  regarded  as  fluate 
<^si]ez. 

From  the  strong  affinity,  of  this  add  to  siliceous  earth, 
it  retains  a  portion  of  it  when  it  unites  with  salifiable  bases, 
Jforming  ternary  compoends.    These  were  formerly  vegard* 
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ed  as  pure  fluatef ;  they  may  be  Damid  Sificeo-flaatei*  Xbeur 
properties  are  not  very  ioiporttnt ;  and  they  do  not  indeed 
diflfer  much  from  the  compounds  of  the  pure  acid  with  die 
same  bases.  The  silioeo»flu(aric  acid  gas  condenies^  as 
Gay-Lu8sac  has  remarked^  twice  its  volume  of  ammonia- 
cal  gas. 

From  its  strong  action  on  silex,  fluoric  add  has  been 
employed  to  engrave  on  glass. 

The  action  of  this  acid  on  the  metals  does  not  seem  to 
be  very  energetic;  but  it  combines  with  their  oxides^  for- 
ming in  general  insduble  compounds. 
.  The  composition  of  fluoric  acid  has  not  been  ascertained 
but  it  has  some  peculiarities  of  chemical  constitution^  simi- 
lar to  muriatic  acid.  When  potassium  is  introduced  into 
the  pure  liquid  acidi  it  produces  the  most  rapid  inflamma- 
tion and  even  detonations  hydrogen  gas  is  disengaged,  and 
a  liquid  is  Q^ained»  which  is  a  solution  of  super^fluate  of 
potash.  It  Spears  from  this,  therefore,  that  the  4cid  in 
this  state  contains  combined  water^  which  is  decomposed . 
by  the  potassium,  and  the  real  acid  remains  combined  with 
the  potash  formed.  It  alsp  appears,  that  the  acid  cannot 
be  obtained  insulated  free  from  water,  for  it  cannot  be  dis- 
engaged pure  from  its  combinations,  but  by  an  acid  which 
affi>rds  water.  But  it  exists  in  this  state  not  only  in  its  sa* 
line  compounds,  but  m  others  in  which  it  is  scarcely  neu- 
tralized. .  Thus,  it  appears  to  be  free  or  nearly  so  from 
combined  water  in  the  siliceo-fluoric  acid  gas,  and  it  is  al- 
so in  this  state  in  another  singular  compound  which  it 
forms  with  boracic  acid.  In  all  these  respects,  the  analogy 
to  muriatic  acid  is  sufficiently  obvious.  An  opposke  view 
may  therefore  be  given  of  these  facts,  on  similar  ground^ 
«— that  it  does  not  contain  water,  but  consists  of  hydrogen 
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UQ^  witfa  itn  mlcndsni  pdneiple.  This  txinjectofe  has 
be^  advtoced  by  Sir  H.  Dmtjt  ^d)o  has  git^n  tfakuti* 
known  substance  the  name  of  Flaorine.  In  siBceo-fluoric 
acid}  be  siq)po6e8  it  to  ber combined* with  the  metalKc  base 
of  silei^  and  in  fiao>boric  acid  with  boron. 


Gay-Lussac  and  Th^ard,  in  endeavouring  to  procure 
fluoric  acid  free  from  combined  water^  had  submitted  to 
heat  a  mixture  of  two  psrts  of  flnor-sparwith  one  part  of  dry 
boracic  aci^  in  a  coAted  iron  tube.  An  elastic  fluid  was 
jOoUected  over  quicksilver^  without  colour^  having  a  pene^ 
trating  odour,  and  powerfully  add  so  as  to  redden  the  ve- 
getaUe  colours.  Finding  it  to  be  a  compound  of  fluoric 
and  bonieie  acids,  they  nam^d  it  Fluo-boric  add. 

A  distinguishing  character  of  this  substance  is  the 
strength  of  its  attracticm  to  watery  vapour,  and  its  forming 
widi  it  very  d^se  viqiours :  hence  it  is  the  most  delicate 
test  of  %  the  presence  of  hygrometric  vapour  in  any  other 
elastic  fluid.  It  is  absorbed  by  water  in  a  quantity  as  large 
as  muriatic  acid  gas  is,  and  irith  great  rapidi^ ;  and  when 
» the  water  is  saturated,  a  very  dense  acid,  resembling  sulphu- 
ric acid  in  appearance,  is  formed :  this  is  highly  corrosive, 
and  it  acts  on  animal  and  vegetable  substances  like  sulphu- 
ric acid,  charring  them,  and  causing  a  formation  of  water. 
It  does  not,  however,  affect  the  skin  like  pure  fluoric  acid ; 
nor  does  it  act  on  siliceous  earth.  It  exhales  vapours  when 
exposed  to  the  air,  and  distils  at  a  high  degree  of  heat. 
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Fhio-bofic  Bad  combiiicft  w|tk  the  jiUudis  and  Mrdit. 
The  «dt  it  fonn&vilk  twionk  h  .deo^tofotiBd  hy  heat* 
filiate  of  annnonia  with  a  portion  of  borate  of  amoKinia  is 
aublimedj  and  ooacrete  bomcie  add  remainf.  By  ^^  bjh^ 
Ijtic  ej^nment,  Oay-Laatao  and  Thenard  demcMirated 
the  constitution- of  fluo-boric  acid.  It  appears  not  to  con- 
tain that  portion  of  combined  water  peculiar  to  both  of 
these  acids  in  their  insulated  form.  When  acted  on  by 
potassiumi  boron  is  obtained  with  fluate  of  potash. 
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s 

Potash 
Soda 
Lim« 
Ammonia 
Magnesia 
Zircon 


Acids 
Sulphurif 
Nitru; 
Muriatic 
Fluoric 
Phosphoric 
Oxalic 
'  Tartaric 
Arsenic 
SiiCQi&ic 
Citric 
Bfpaaio 
Acetic 

Saccho-lactic 
Bomdc 

Sulphurous 

Nitrous 

Casbpnic 

Prussic 
[Water* 
Oil 
Sulphur 


Benasoic 
Acetic 
Borad^ 
Sulphurous 
Nitrous 
Carbooic 
Prussic 
Sfujphyr 


YUf. 

Adds 

Sulphuric  . 

Oi^aUc 

Succinic 

Pluoric 

Phosphoric 

Saccho-lactic 

Nitric 


IX 

Adds 

Sulphuric 
Oxalic 
Tartaric 
Fluoric 
Nitric 
Muriatic 
Sqcdaic 
Phosphoric 
Acetic 
Arsenic 
Boradc 
CaitTonlp 
Sulphur 


Soccimc 
I^vwphoric 
Sacdio-Iactiip 
Nitric 
Huria^C 
Fluoric 
Arsenic 
Citric^ 
benzoic 
Ace^c 
Boracic 
Sulpbun^ 
Nitrous 
Caibomc 
Prusaic 
Sulphur 


«♦-*- 


^^^ 


XL 


X 


Adds 
Oxalic 
Sulphuric 
Tartaric 


4dd« 

Oxalic 
Phosphoric 
Sulphuric 
Tluoric 
Arsenic 
Sacchcvlaotic 
,  Succinic 
Kiiiic 

Muriatic 
Tigrtapc     j 
Citric 
Benzoic 

Acetic 
Boracic 
Sulphurous 
Carbonic 
Prusaic 
Sulphur 
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Potash 


XII. 


Vitrie 

MmMtai 

nnorie 

Aneoie 

Oialk 


XIIL 


XIV. 

AC3DS  RTBIC 

&  sirmous. 


AnnDanift 
MctallicOii^Slnmtites 


Sod» 


Li 


Aigfl 


XV. 


The  same  ai 
Nai4. 


XVL 

SOUBDEIC 
ACID. 


amames 


Aigfl  iFotai 

XclafficQiMfeJSodft 
Amn 
Alga 


Aig9 


XVIL 

LPHumi 

Acm. 


SinMitites 


The  same  as  in 
No.  18. 


XVIIL 


ACISL 


Soda 
Ammonia 

Alga 

Mcf^JlicOzSdea 


XIX 

CAKBOHIC 

Acm. 


Lime 

Fixed  Aflufia 


AiHHumia 


rUJOMC  ACIIft. 


NO.  18. 


BOEACBC  AdOb 


xxn. 


Potash 

Soda 

Ammonia^ 

Argil 

Mefallicapdd 


Aipl 


The 
N(0uS5. 


in  Volatile  Oas 


XXVIL 

SVOCnfC  AODk 

TlMrssnie  asia 
Na25. 


Muriates 


xxvni. 


Acin. 

The  same  as  i 
Na25. 


AOuliol 
Volatile  oas 


XXIIL 

OXAUC  AdDw 

The  same  as  in 
NO.  18. 


XXIV. 


TAaTAJuc  Acm.  MeCallicOxidesMetalficOzide! 


Theaime  asin 
Nai8. 


XXV. 


XXIX 

ACSnC  ACID. 


Barytes 


Ammocda 
lime 

Aiyl 


XXX 

FEU8B1C  ACID. 


Soda 

Ammonia 


Strontites 


XXXHL 

FOLASILK  OBC& 

.£fher 
ABuiboI 
RxcdOa 
Fixed  Alkalts 

Solphur 


XXXIV. 


lime 


Volatile  on 
Fixed  Alkali 
Vobtile  Alhal 
Sulphur 
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J    TA^Llg  OF  THE  CAPACITIES  OF  A  NUMBER  OF  BODIES  FOn  CA» 
.   LOBIG,  9V  CKAWrOUD,  A>i)  IRVINB.    - 

:  '   '     '     '        Crafe;^^ 

Hydrogen  gas, .,,.... .0?................^... •......•. ...i......?! .4000  C 

Orygengas, , ^..*..m.... 4.7490  — 

Atmospheric  air....... ,.••••— m—.V.... ........1.7900-— 

Aqueous  Tapoiu*,......^ .,.•.••»..•... i......rf«il, .1.5500  — 

Cnbonic  acid'ga%... .,.,.M....M..«.f ,••........». mm. ..1.0454  — 

3Niaf«geiigite,... ;.,..., ..,,....„...... ....v... m.mm.*TS35  — 


! 

Liquids. 


r»*m  ••»•«*«••«»«-•<••«.•' 


i«oseo-. 


Artexiid  blood».. »,. 

Wa*«r, ,. ,..„...•„„..,. « r..r.-..l*O000 — 

Mi8ErM*.......*.M.«.*.M..... ...••••••«.^«»..»...........«..«».o. «9899>— 

Alkohol,..,.. \ J990OI. 

:Venous  Wqq^.... » .^ , 892$  C 

AUrahol^,^., •.*•...., •.^♦...•.•.^.^.^.^.....^^^.gOSl  -^ 

jlperraaceti  oil,.,,,.,, ,....,.,* ...^ .5000.^ 

So^huric  ad4,««..M««».«* .4290*-^ 

Oil  oCtttipeiit^e, ...m,...^^..........— m.  .4000 

gttlphnric  acid,...,. ,,.,...,,,,,.^,, ,,,.,,,... ...SdSO*-      ' 


SolufSf 


Medi,. 
Rice,... 

iBarley,. 


'*' ^•v ,..., ....SOOOI. 

• • • 7400  C. 

• .«.  .5060  — 

• Y .4210  — 

^*-*^ ..2777  — 

Charcoal............. , ^^^^  2651  — 

C!l»a^—- •• 2564  — 

White  oxide  of  antimony  washed,,  i.... ...',.....,.. ,.,.,„ ^  ,2272  — 

Oxide  of  coppeiv:.... .....,..; ,...., 2272  — . 

Quicklime,.. , .2229 — 

Oxide^iron, ...I 1666  — 

^^^^' '. 20001. 

^'°""* • 1450  — 

Oxide  of  anUmony,..; ..^. .,1666C., 

Oxid^ofzinc,... «.... „,.., 1.^69  — 

^^^^ V 1269- 


Bn8% 112SC. 

Cqpper, ~... i 1  III  — 

IVhite  oude  of  tin, « ••-.. •  J0990  — 

Zme, -....• ^.....  i)943 -^ 

Tin, ..r.^...... '. i>704-* 

Tellow  oxide  of  lead, .....:....... ....^ ..  J068O  — 

Ajxdxnony, '•••••••.••• 11.. .I...... m.. ......... .vf.~.»...  j0645  -— 

lead. -.-.. U»52  — 

BBEAUD' 


.■il  m  ■  ■■p»»..»»^ .».»«■».■»»«»»»■#»»»*— r»»>»»    » 


AUtPO^JI^^a  >#»#»>»■■•«•♦*■  •*••••  ••»•  •  »•••  ••»•••»•*■  ■■■■*»••»—<— •••••  «••••«•  ••••mMWOv 

Kilnras  oxides.***...— •••••.••••««*«««#*«.*.».a.«.....a.t&09 

OUintgas* •«.......^.«....*..*..««...*«.*«««.«^«i«...«»....wQii4«Xr 

i^aiwomc  oxifl^»—««**«^ »■■■»«••>« •••••«^»«»»««««»««. «»•■»»»  •»fe»k»*»».Mk«»...«^i9BVs 

TABUS  OF  THE  SCALE  OF  TEMPERATp^aE,  AMP  P7  THE  MELXni0 
AND  90XU^Q  POIKTS  OF  A  IfUMBER  OF  BODIES. 

Wedg.  Faiorai. 

Extreniity  of  the  scale  of  Wedgwood's  pyrometer.... ......... ..840"  IWfTf^ 

Cheatest  beat  of  an  air  Aiimace,  which  neidier  melted  nor 

so^iened  Nankeen  porcelain .•...••.. • 1$0  21877 

Chinese  poarcdain  softened.. ...>., ••..^••a •ASS  21^7 

Cast  uron  mdted.l.... ^\50  20577 

Greatest  heat  of  a  smith's  forge. .....135  17337 

Greatest  fieat  of  a  glass  fbmace, .....114  15897 

Welding  heat  of  iron,, J95  13437 

Goldmeha, ^ 82  5237 

Skermehs .'. 28  4717 

Coppev  melts. 27  4587 

Sraasmefas •....«....^^... , 21  3f07 

SttUheatvislhle  in  daylight ...........O  1077 


« 


/  F«lureB. ' 

Bed-hest  in  tirili^ ^.m 884^ 

Heftt  of  a  comnioii  fire....... ,... .» ;•...#,. ,790 

Iron  hiif^  red  in  the  daik, • ......). ...752 

2aae  mellSr. « ^„ -....•• • ,..,..  ..700  , 

QuickslTerboils.. ...... .••«...., ,....« ,.672 

£iiis^6doitb<^....M.. ...•..•«w.t......*G90 

Leadmdii. ^4 .;.»*w.'ftk.#.««»»««.«<M.«.*«.»^94 

Mpfatmc  Acid  boils ^ ^••••'^•^••v..»«k«...».«.»«..M..iro5SK> 

oulphur  lN|r]]8....».«4««*.>w«Mr>«*L*-4itf»j^*«#f»«'4»*V«^*i^«'«M»«M#***M*'(^«^«««^  ' 

Pho^ihortis  boi]s...t • .,•.•••.•••..«.. w.....<<^...'.....«..««554 

BisnuittinieUs ,4 ..•..../;.i...v.-. •.-...<•-.;.<..•«•.•.•. .^..•..-•...*.47'^  • 

T£aiDeltB. ••••»••........ ..••••t****— «•*•••••»«».  ...4^ 

liTkric  acid  hoSh ^«.*»***. ,•.... i....». ...,.....,..•..•. .................248' 

l^ij^tnir  ineltB • •« y '..•••... .SSll/ 

Water  boils  (ihe  bttometer  bdng  at  30  indies) ^I^ 

AflcolM^  boils...... •*. :..:.,.., .•..-..• 174 

jnio^homs  melts... •••••••«..— •• ..•••••«..• • • •••....TOO 

£llier  boOs../. ..*.«.....! 9^ 

Iteat  of  the  human  blood....*........... »....,....^......,............99 

Miditin  iftmperatuite  of  llie  globe • ...••^...•. « ....SO 

liBxi^tUs**....... «..o«.......«..«t—«*« •—...•••.•.33 

SCifibng^ wines  freeze  at  about.. ............. ».,..•.•...• ..••«. .•.v.«....20 

]^^lting  p^nt  of  quicksilyer...  !••••••#  •••.•-•.i....  .t.* ...•••.... »«..... — S9 

lUl^uid  ammonia  crystallizes... t*..... ...m ....•...• —42 

l^tiic  acid,  spec  gr.  about  1.42,  freezes ...-—45 

Sinlphnrie  edier  congeals .'. #...-— 47 

Ijbtaial  temperature  observed  at  Hudson'a  Bay ..•••••••••• •— ^ 

Anwioniacal  gas  ccmdenses  into  a  liquid • .— ^ 

Goldi^Nnn  diluted  sulphuric  ^pdaiid  snowt  ibe  materiaU being  atf-57  •*--78 
Chreaitest  cold  yet  measured..,, * « •.••c.....»«..«.-^91 
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tXBLE  OF  FREEZING  MlXTlTRte. 

Temperature  ledocecL 
•Muriate  of  atntnoat^  5  parts,  niWate  oTpdtash  5,  ^f«ater  l€y    fhrni  50<^  to  lO^' 

Muriate  ofamtnoma,  5  parte,  nitrate  of  t'0Cash5yau]jf>luite  2  i;/\    *      ^ 

orMda8,tPaterl6,  J  50    ta    4 

Nitrate  of  ammoma  1,  wa|pr  l»  50    to    ^ 

SuIf^Mte  ef  soda  8,  aiuriflCic  acid  Sf  50    to  .  O 

Sn1piwteofaoda5»8i4plmric  add  dilated  iritfi  an  ^i|oaI?  SO    to    S 
weight  of  water  4  pait%                                               3 

Solpfaate  of  soda  6,  muriate  of  ammonia  4,  nitre  9^  dilnt-7  jm  «»   t/* 

ed  nitric  add  4.  J  *"  ^'^^ 

Phosphate  of  soda  9,  diluted  lutnc  acid  4,  50  to  -12 

Muriate  <^8oda  1,  snow  2  parts^  32    to  -^ 

Kitnc  acid  diluted,  snow,  '  $2  to  -lO 

Concentrated  sulphuric  acid,  snow,  32'  to->l6{ 

Muriate  of' soda  2,  muriate  of  anmumta  1,  snow  5,  dS  to  -12 

Caiix>nate  of  potasb,  snow,  32  to*I7 

Muriateof  soda  10,  nitrate  of  potaih  5,  snow  24,  32  to-l8 

Sulphuric  acid  diluted  with  one-half  its  weigjit  of  water,  7  ^^  ^  .2* 
2  parts,  snow  3  parts,                                                      J  "" 

Concentrated  muriatic  acid  5, 'snow 8,  32  to -2)* 

Concentrated  nitroiii  atid  4,  show  7,  •  32 '  to  -30 

Muriate  of  nme  5,  imb^  4,  32   to-40 

L.^. 5, 2,  32  ^*5a 

: — ■• — 5, 3,  32  to -53 


Potasli  4,  snow  S,  32  to  -^1 

Mnriate  of  lime  2,  snow  I,  O  to -46 

3,  snow  I,  ^-40  to -73 

Sulphuric  acid  with  half  its  weight  water  1 0,  snoW  8,  *-*68  to  --M ' 
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TABLE  or  THE  PROPORTIONS  Ol^  OIFFERBKT  COMFOUlTDS  WHOSfi 
lELBt^SKTS  ARE  OASEODS,   BV  OAY-LUSSAC. 


H*iA 


Substances. 


Muriate  of  ammonia 
Carbonate  of  ammo- 

nia  neutral 
Sub^^sar.  of  ammonia 
Fluo>.boimte  of  am- 
monia 
Sub-fluo-borate  of 


Water 

IGtrous  oxide  gas 
Nitric  oxide  gas 
Nitri(  add 
!^^tric  acid 
Nitxous  wud  gps 
Amiumia 

Sul^huiic  acid. 

Snipburous  add 
Oxymmiatic  add 


Proportions  in  volume. 


100  gas  am.  lOOgasmur, 
1<K)  idem      i  OO  gi  earb. 
50  idem 


Proportions  in  weight 


100  idem 
100  idem 

100  idem 


lOOg.ittiob. 
■  50  idem 


lOOgasbjd. 
iOO  nitrog. 
100  idem 
100  idem' 


J00CAomc«adgM'~8-:?!f« 


100  Qaibonic  addgai 
[too  Carbonic  oxide 


900  g.  mur. 


tarn.  58,35 
idem  SS,19 
idem  43,98 


50  gas  oxy. 

5o  oxygen 
100  idem 
SOO  idem 


800  pnaiOi  10Q  gas  oxy. 
300  mem       'ru^z^ — 

100  nitrog. 

100  sulpbu 

rousadd 


100  idem 
500hydr, 

50  gas  oxy. 


)100  oxygen 


acmur.  61,^5 
ac  0814x7^,81 
idem  56,05t 


oxy.  86,733 
nimjg.  63,78 
idem  46,757 
idem  30,519 

idem 

nitrog.  34,507 

idem  81,585 


sulph.  42,016 

idem  58,083 
A,  mur.  77,65 


of  carbon 
50  gasoxyg. 


50  g9S  oxy.'carb.  27,376 


lOO  oxygen 


idem 


byd.  13,967 
oxy.  36,38 
idem5S,243 
Idem  69,488 

idem 

idem  65,^93 

byd.  18,475 

oxy.  57,984 

idem  47,91 
oxy.  S8t35 

oxy.  78,624 

•  idem 


carb  42,99     joxy.  57,10 


tabu:  of  tub  PROPORTIONS  OF  THE  CONSTITUENT  PRINCIPLES 

OF  COMPOUND  GASES,  .^Y  DALTON* 


Names  of  the 
compounds. 


AmmoB«gas 

Water 
Nitrous  gas 
NiiR  oxide 
Nitric  add 
Nitrous  add 
Oxym.  add 
Sulphs.  add 
Sulpbc.  add 
Carii.  oxide 
Carb.  add 
Carbur.  byd. 
Olefiant  gas 
Sulpb.  byd. 
Mur.  of  am. 
Carb._  of  am. 
Subc.  of  am. 


Cons^tuentprindples  of  IOO  Constituent  prindples  of  100 
measures  of  the  compound,      weight  of  die  compound. 


M  aairet. 

58aaota 
100  oxyg. 

46  asote 
99  azote 

180  nit  gas 
S60  nit.  gas 
1 50  mur.  acid 
100  oxygen 
100  suLadd 

47  oxy. 
100  oxy. 
200hydr. 
200  hydr. 
100  hydr. 
100  mur.  add 
IOO  carb.  acid 
100  carb.  add 


Measures. 

133  byd. 
300  hyd. 

S5  oxyg. 

58  oxyg. 
100  oxy. 
100  oxy. 

50  oxy. 
sulphur 

5»)  oxy. 

charcoal 

charcoal 

1  part  c'h. 

fi  parts  eh. 

sulphur 

100  am.  g. 

80  am.  g. 

160  am.  g 


8S  asote 
87  oxy. 
42  azote 
59  azote 
27  azote 
"•'.I  azote 
76  mur.  add 
52  oxy. 
79^  sul  add 
55  oxy. 
72  oxy. 
27  hyd. 
15  hyd. 
7  hyd. 
95  mur.  add 
76  carb.  acid 
61  carb.  add 


17  byd. 
12.5  hyd. 
58  oxygen 
41  oxygen 
73  oxygen 
67  oxygen 
24  oxygen 
48  sulphur 
904  oxyg. 
45  chare. 
28  chare  . 
73  chare 
85  chare. 
93^8ulp. 
35  am.  gas 
24  am.  gas 
39  am.  gas 


